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PREFACE. 


Having received the permission of the Hon’ble the Court of Directors and 
the Government of India to prepatc a complete Manual of the several Arts and 
Sciences in the practice of Engineering and Architecture which are applicable 
to Public Works in India, I have availed myself of every source within iny 
reach from which to draw such useful material as might advantageously be 
engrafted on to the result of 28 years’ experience in the Department of Public 
Works in the Bengal Presidency, and two years’ research in the Workshops of 
Birujingham and Manchester ; nor have I failed to press into the service many 
useful memoranda culled from the valuable MSS. unpublished matter, and 
“ proceedings” of the Institution of Civil ^“giiiecrs in London, of^vhich I am 
a Member. 

The brief period of one life is totally inadequate to the embodiment from 
personal observation, of knowledge in a Science so varied, so ^extensive, and 
composed of such numerous branches, that each subdivision is sufficient to 
' engage the attention qnd practic^ *of a distinct set of men. I ‘have therefore 
been the more diligent in referring to authors whose works are records of their 
successful praQtice, j\pd the result of .whose labors have stood the test* of Time 
and public opinion. Such arc those, both written and construoted, of Telford, 
Tredffold, Stcphcimoir, l^nnic, Tierney Clarke, Barlow, Vignoles, Cresy, Vicat, 
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Totten ‘and Millington, on Engineering subjects; whilst many practical details 
connected with Architecture and the Art of Building, have been adapted from 
Chambers, Stuart, Pugin, Gwilt, Nicolson, Leeds, Barry and Durand ; nor 
havb the Rudimentary Treatises lately published by Mr. Weale, been overlooked ; 
the subjects in which have teen written by the leading talent of the day, but 
they are so complete in themselves, so cheap, so portable, and thus so easily 
within the means and reach of all, that I have but partially referred to them, 
and only wlicn any modern subject required the particular authority of either 
writer or practitioner. 

The aim of this work *has more partidUlarly been to adapt the splendid 
results of the present advanced state of professional attainment to the practical 
purposes of the Department of Public Works in India ; and in attempting this, 
there has not been neglected the faithful delineation of noble works actually 
constructed, and authentic detail of material at present successfully applied 
and in high repute ; not only as a proof of the vast improvements going on, 
but as a stimulus to the production of similar undertakmgs, and guarantee of 
equally important issue. Thus may the road be opened to the yet hidden 
resources of this country, rich in all the crude material that the Engineer or 
Architect can desirci, and lead him to raise t^l 'most elaborate works with 
confidence and security. 

In a work like this, compiled with a view to its utility in the ditferent 
localities comprising the Department of Public Works in India, it would be useless 
to attempt to hiy down either the wages of wcjrkpcople qr prices of material, 
which must vary in every division, having reference to peculiarly local circum- 
stances ; Wt numbers of laborers and quantities of materiq), which from experi- 
ence are known* to be required for the execution of a certain amount of work, 

i 

must be alike for a similar amount of the same l^nd of work anywhere. 
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These numbers and quantities therefore will be given for all sorts works, 
from which each officer can easily frame his rate^and obtain correct values. 

41 

Tlie work is intended to be divided into four parts, viz. 

Part I. — The duties and acquirements of Engineers, Architects and tlnar 
subordinates. — The choice, preparation and use of the several materials h>r 
building purposes. — Strength and stress of materials. 

Part IT. — Details of construction of all branches of Engineering and 
Building, including Embankmepts* and the improvement of Rivers. — Mason- 
ry in Stone and Brick — Bridges of Iron, Timber and Masonry. — Roofs of 
Iron, Timber and Masonry. — Artificial Foundations. — Roads. — Canals. — ^Docks. 
— Drainage. 

Part 111. — Rudimentary Architecture. — Principles of Design as applica- 
ble to Public Buildings in India. — Specification. — Contracts. 

Part IV. — Problems and Diagrams connected with course of study for 
Overseers. — Tables of speci^c gravity. — Weights of Iron and oth’er Metals. — 
Scantlings of Timbers. — Practical Rules and Receipts. — Data for liates. 
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CIVI,L ENGINE BEING. 


1 . The Motto that “ Experience is the only true guide to Philosophy"* has 
led to the conviction that Theory and Practice must go hand in hand ; brilliant 
however as Tlieory may be as far as abstract science is concerned, yet if the 
sources from whicli it flows are not in strict accordance with what is known to 
tiike place in practice, such Theory must bo abandoned, and make room for that 
oidy which is so founded as to agree with the results of experience. Too many 
facts cannot be collected, and too much research cannot be undertaken to test 
Theory, which, when found to confirm the observations deduced from Practice, 
affords the surest guarantee of confidence. 

2. In Europe the line of detnarkation is drawn between the professions of 
the Civil Engineer and ArchitecAanjl both are irfore jrarticularly employed in 
the strict line of theia professioi|af labours, through the subordinate assistance 
derived from clerks of the works, who are confidential aids in keeping the 
accounts and overlooking workmen, and also by the intervention of a Variety of 


Lord Bacon. 
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contractors of skill and ability, each performing a 4)art in the construction, to 
which the attention of his practice has been exclusively devoted, and thus 
producing a perfect whole. In India, however, the case is very, different, for with 
exception to the presidency, tliero are no practising builders, or masters of trades 
with knowledge, experience and capital to undertake a contract for any other 
than earth-work, and the patience and time of the etlgineer are even here 
severely ta.xed to obtain tlie proper performance of the work, to the hiiulrance 
of other duties — neither are thereby trade wholesale brick-makers, house; carpen- 
ters, irun-inongors or machinists, to furnish by order the requisite material and 
.•ippliances for the Engineer^ use ; and although in all parts of the world an 
Ihigineer should be ae(juaint(*d with the several trades, in order that he may 
successfully direct his contractors and woe'kmen, it is more* particularly neccs- 
.*<ary in India that he thoroug^ily understand the iuteri(»r d(;tails of all work- 
shops, and have accurate knowledge of tlie methods of selecting, pr('j)aring and 
using every kind of material, wht*ther the produce of the; quarry, the fore.st or the 
forge, for his professionjd excelle'nce will depend on the correct adaptation of 
material, habits of discrimination and judicious superintendence. The Jhiginea'r 
in India is often liable to be thrown into situations, where from the i^nor- 
anee of workmen, absence of mechanical means or other causes, he is entirely 
ThroAvn on his oAvn re.sources, and must trust to his ingenuity and knoAvledgc 
to procure and fashion his material and to carry liis work to a successful issue. 

.H. In' India the (hvil Engineer is also a Military Engineer, and though 
some of tluur ojterations are similar, they are carried on under very different 
circumstances. Tlic Military Engineer is called on in time of war to reconnoitre 
or survey a rotid, to render such road practicable for the Army’s march, to con- 
struct a temporary bridge, and throw up earth-works of various kinds, and these 
Avorks from the. haste in which they are executed, and the scanty means ofteri 
iifforded for their ex(;cuti()n, are not calculated lo endure, and yet they must lie 
strong enough to answer the ihtend(;d purppscj/^ These Avorks too he carries on 
in the face of enemies who are endeavouring to Ipbstruct him in every way. In 
time of peace he is called on to Exercise his talents in the construction and 
repair of fortifications and the various details connected with this branch of his 
profession ; &o that Avhilst exercising his calling as a Civil Engineer, he must 
keep up his habits of a Field Engineer’s life, his energy, activity, and Military 
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skill must not be allowed to desert him, as his transition from the one to the other 
employment is sudden. Thus the talents of an ImJian Engineer are required to 
be as manifold as his services are arduous and valuable. 

4. The Civil Engineer’s duties arc carried on in a manner very ^ssimilar 
to those of the Military, his surveys are without danger, he has time to con- 
sider his plans, facilities for obttiining his material, his works are not those of 
a day, destroyed as soon as finished, his aim should be to work for postct;ity, 
and to make his work as enduring as jmssible. To do this, every aid of science 
must be called into requisition, he must be acquainted with the various mate- 
rials he has to deal with, their mechanical properties of cohesion and solidity, 
and their chernical'properties which make them more or less liable to decay, 
lie must unclersttind the powers of mechanics to raise vast masses to great 
heights, also the laws of forces by* which bodies pl’css and operate upon each 
other, and the best means of putting parts together with a view to the framing 
of a roof, whether iron or timber, or the construction of an arch, and these can 
only be ascertained by mathematics. The power of the olements in every shape 
lias to be battled .against, the merciless wave, the r.apid torrent, the •gigantic 
power of steam, the raging tempest, have to be withstood and overcome by 
constmetions which shall resist them all, and though it is seldom in Europe 
that one attends to all, yet the Indian Engineer’s occupations display a versa- 
tility which should be capable of coping with the numerous branches of his 
])rofession, nor are the above items all that such profession embraces, he should 
he an Architect as well as an Engineer, and a study of the guiding rules and 
principles of this ennobling science must be entered into ere he undertake the 
designing or executing of public buildings of extent and consequence.* It is a 
fallacy to suppose that all that is nccessaiy to form an Architect is, that he be 
able to draw tasteful designs and elegant compositions gratifying to the eye, 
and that he be capable of emhelli^ing the |)o8ition of its erection ; he is totally 
•unworthy of the name, unless he ^ able to carry the whole detail into execu- 
tion, from the selection of the cldy which forms hys bricks, to the .completion, of 
the most lofty moulding. The very derivation of the word TtKrtov implies 
this power, and without the conception of the means of execution, he might 


A Treatise on Architecturt is intended to be given in this work, fenning Part lU. 

• • 



4 


produce designs apparently admirable on paper, but impossible to be carried 
into effect. * On the contraiy, possessed of the principles, he ■works boldly, 
obtaining a maximum of stability with a minimum of material, combining the 
taste of the Architect with the strength of the Engineer. He should therefore 
not only be able to design with artistic and practical exactness, but be able to 
execute the artificial foundation of piling, concreting, building, roofing, and 
completely finishing the entire structure. 

.5. It is lienee apparent that a very considerable acquirement of know- 
ledge of various kinds is necessary to the practical Engineer and Architect, 
and great assiduity and application are required for the attainment of most 
of that knowledge : much too that is obligatory from the officer or head, is to 
be expected from the subordinates of the flepartment, the Snb- Assistant Engi- 
neers, Overseers and AssistaAt Overseers, before they can be considered quali- 
fied to act as aids to the Engineer or Architect, so as to be entrusted -with the 
execution of public works, as incalculable mischief has been dnd will be caused 
from the absence of the knowledge of the arts of building in its various details, 
the employment of improper or inferior material, the insecurity of the framing 
of a roof to bear the superimposed weight, or an unscientific Bridge. They 
should know — 


Arithmetic, T , . . , . « „ , - , 

Vul™r and Decimal Fraction., ... 1. ^ foundation of aU the fol- 

r-t -X lowmg. 

Geometry, J ° 

Algebra and its application to-) 

Geometry I applicable to Surveying, Level- 

Plane Trigono^e^, f Earth-work, lioad; 

Mensuration J Architecture. 

, - r. -ar . , f Stouc, BHck, Mortur, Timber and 

Preparation and use of Materials, | 

pekw.6fthe^echanMp<;wer.,r,3,^f“,y^,^“^^ 


Strength and Stre® of Material, 
Artificial Foundations. 


Earth-work, 


f Of Road-making and Embankments, 
’ ( Drainage^ Canals, &x. 
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Levelling and taMng Sections. 

Constructive Masonry. 

Principles of .Carpentry. 

Ditto of Bridge-buifding. 

System of Accounts and Book-keeping. 

Estimating and Measuring. 

Outlines of Architecture. 

As is the case at the College at Roorkhee, apportioning to each grade that 
amount of study both theoretical and practical, which shall most effectually fit 
them for their appointed duties. The contemplate^ increase to the College at 
Roorkhee, with the addition of its museum, library and model-room, is calculated 
to confer a most important boon on the Department of Public Works, by sending 
out valuable and practical assistatits to the Engine*er, the effects of which can be 
foreseen by all who have had the experience of former years in the Department. 
'J'his extension of lihe College must eventually be highly appreciated by Govern- 
ment. The different classes of study at the College will be given in Part 
IV. A student having gone through the above course, could not be more use- 
fully employed, or gain a better insight into his duties than by conamencing his 
career as a clerk of the works, and there are no means that could be adopted 
better calculated to iuiprove the condition of the Public Works, or the position 
of the En^neer, than that of providing each oflB.cer with such assistance, reliev- 
ing him from the fetters of books of accounts which tie him to the desk, leaving 
him insufficient liberty for the superintendence of his district work, and none at 
all for the improvement of his mind in the various branches of scientific attain- 
ment which have been proved to be necessary to the Indian practical man. 
Whilst relieved from the accountant’s work, the Executive Engineer would 
find leisure to superintend one or two apprentices, who, by studying in his office 
and attending his works, may he gradually trained to be Overseers, but wlu> 
, should not be allowed to practic(^r receive their *pay as simh, till proficient in 
the studies laid downi»for this gmde at Roorkhee,, of which the Engineer lyill 
satisfy himself particularly. 

fi. The ^uty of a clerk of the^works is to give no directions of his own, 
except in cases of emergency, in the absence of his superior wh§re delay would 
be attended with pernicious nesults, but to act under the orders and specifications 

n . 



6 


of hiB principal, and to watch that such are punctually complied with. He 
should constantly visit the wprks of the station at which he is resident for 
the above purpose, mustering work people as often as possible, and taking account 
of materials, their quality and consumption. He should measure the works as 
they proceed, and be careful that they correspond with the working drawings, 
of which he should have the custody. In the office he should be entrusted 'with 
the keeping or checking of the day books, the examination of estimates after 
they have been prepared by the superior, and the rough drafting of bills. He 
thus not only becomes of essential service to his principal, but constantly 
surrounded by work and workmen ; he sees operations going on, and becomes 
accjuaintcd with both means and tools, is readily able to calculate the quantity of 
work which a certain number of workmen should perform in a given time, and 
lays up for himself a fund of'useful knowledge which cannot fail to be useful 
to him as a future Civil Engineer. 

7. One of the preliminary operations of an Engineer Architect is the 
preparation of t he drawings for the execution of the works that arc to be carried 
into effeot ; neither reading or study will of themselves enable him to digest a 
good jdan, experience and patience must be brought to his aid. Its primary 
formation is an effort of the mind, and the first step is to gain an accurate 
.'u'quaintance with the locality of the work projected; this must be obtained 
by a visit to the spot, and by making the necessary inquiries of those living 
ill tbc vicinity, who are best able to supply the desired information, as for ex- 
ample if a Bridge is to he built, the*particulars of the stream should be ascer- 
tained, depths at different seasons, height of violent floods, soil of banks and 
bed, fall of bod ; facility that exists for procuring the necessary materials, 
wliether stone, brick clay or lime, means of transportation, kind of workmen, 
w’ith all that may be desirable to aid in the formation of correct plans, and 
liirnishing a specification and estimate in accordance therewith. In making 
these examinations the Engineer should be without his memorandum 

book, noting down all that occurs, or comes wder obseiwation, without trust- 
iiig to me^nory; such notes, if persevered in, mth corresponding sketches, will 
fonii a useful stock of practical knowledge for the future. Hqving arranged 
the plan of w’haj he intends to do in his mind, the next step is to render it 
intelligible to others, viz., those who have to canvas its merits or defects, those 
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who are interested that the projected work or building is adapted to its purpose, 
and those who have to carry, it into execution.. The rendering the design 
palpable to othensbcan only be done by means of a written specification in 
conjunction with the drawings, the former embracing such particulars and 
detail as a drawing cannot show, viz., the nature of the material, the proposed 
way of working it, the details of the construction, and such other matter as 
would be perplexing if it were shewn on the plan. The specification is intend- 
ed to leave nothing optional either to an overseer, a contractor or worktnan of 
any kind, and to prevent any ambiguity or misunderstanding on the part of 
the unprofessional authority who is to occupy the building, or the authority 
who has to sanctien the undertaking, and who, unable to visit the spot, trusts 
solely to the specification to rendej* intelligible the drawings. The Engineer 
himself wiU be a gainer by a concise specificatioA as well as a detailed set of 
drawings, for by rendering his intentions clearly understood, after-thoughts are 
avoided, whilst alterations and additions and contingent bills, Avlfich add so 
much drudgery to all offices concerned, are dispensed with.* 

8. The drawings proper which every Engineer should execute ane — 

Ist. — A ground-plan or horizontal appearance of every part of the build- 
ing, as seen from above. 

2nd. —A longitudinal elevation, which is the external appearance the 
building will present, viewed geometrically with the longest dimensions towards 
the eye. 

3rd. — An elevation of one of the short sides, if the building be cbnsiderabfe. 

4th. — -A longitudinal section, or the appeai’ance of the building if it was 
cut through in the direction of a certain line, which should be referred to on 
the ground-plan. 

5th. — A transverse section, or the same in an opposite direction. 

6th. — Details pn a larger scale of the principal parts should ’be given, sucli 
^s construction of roof, artificial Wovpidations, mouldings, and a blo(^-plan of 
position, shewing drainage, &c. jEvery detail must bo given with'/aithful accu- 
racy as to actual magnitude and relative geometrical proportion, and a coiTcct 
scale drawn on^somc convenient part of the paper. * 


• A model specigeatipn will be |ivcii in the course of the work and appended to Part IV. 
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9.* To enter into the details of the various elementary brandies of 
6ti|dy liirludJ, have been enumerated at para, 5^ is not the object in thb work, 
been laid down but what every Engineer shb|dd^now, and having 
” jin .the course to be pursued, he will find all ’the primative detail 

' to prepare him for the practical and constructive duties of his pro- 
lioiiV i^la^Iicable to the Department of Public Works in India, set forth in 
Chapters. 
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PART 1. 

C H A P T E R *1. 


STONE. 

• 

10. Mineralogists and Geologists enunleratc a great varied pf stones, 
but the Architect and Engineer recognize but three great divisions, known as 
“ Free Stone, Slab Stone, and Bubble Stone,” so called from their hardness, and 
the appearance of their natural fracture. Of these there are many varieties. 

* 11. Free Stone is always granular in its texture, though the grains vary 
in magnitude, and occasionally are chrystalline in form. The name of this 
stone is derived from the freedom which it is worked, one of its leading 
characteristics is, that though durable against weather, it is yet soft enough 
to be sawn by the stone- worker’s saw, or cut into form by. the mallet and chisel. 
Tt is therefore particularly valuable for decorative purposes, such as columns 
and their capitals, cornice, frieze and mouldings, or for the building of walls 
where external surfaces are desired handsome. 

12. Marble in all its varielbs ranks first afuongst free stones, on account 
of the large masses ip which it/s found, its durability, its lufo-absorption of 
water, the ease with which it is worked, and high polish it takes. It is one of 
the primitive limestones, being a carbonate of lime, and when pure, il perfectly 
white, though* rarely found unvariegated. 

13. Alabaster is a whi^ stone much resembling statuary marble, but is a 
sulphate instead bf h oarlwnate of lime, therefore ;iot a marble ; it is easily 
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ing brittle and not durable in the open used Ohiefly- for 
tal purposes. Marbles in general have ]£^her names ^c^pt 
d from the places where they are foundft' woh as the Parian 

fe from the Island of Paros, of the very finest of which the 

were fonned. Florentine marble, a reddi^-brQ|||fi^ from 
k and gold, from Italy. Breccia, consisting of angular frag- 
erent colored marbles cemented together. Sienna marble, of a rich 
buff color, variegated by other colored streaks. Verd Antique, that splendid 

green marble presenting almost every shade of brilliant green. It is called 

Egyptian mairble by Architects, and Serpentine by Geologists. The common 
marble obtained in this country is impure, it is either streakejl white, or what 
is called the Dove marble, thase are easily worked, and impart a stability and 
great beauty to buildings. 

14. Next to marble, in point of firmness of grain anp durability is the 
fine white sand stone, 'v^hich is that most frequently used. It is composed of a 
fine silici 9 us sand held together by a peculiar natural cement, so fine that it 
cannot be perceived between the grains. It bears fine carving, is strong and 
durable, and not affected by the weather. 

15. The Oolite, so called from its resemblance to the roe of a fish, is of 
a yellowish-white color, • granular, and wholly calcareous, its grains varying 
from the fineness of sand to the size of peas, united by a natural cement quite 
visible to the eye ; the fine grained alone is fit for building with, it is very soft 


at first, and may be cut with a common hand-saw, but hardens from exposure. 

16. The ferruginous or red sand stone, common in Central and Upper 
India, consists of a coarse silicious sand cemented by an oxide of iron, thi.s 
stone likewise acquires hardness by exposure to the air. Besides the purpose 
to which it is put, it is well adapted for Bridge building, especially in arches of 
large span. 

^ 17. Soap;stone is another variety of the\/soft free sfones, found in India, 
it will stand great heat, and is theSrefore applicable for fire places and chimney 
pieces, furaaces, &c., but is too soft for building with. 

18. Granite ranks amongst the most hard and durable stones, it more 
properly belongs* to the fattuly of refractory, thai^ that of the free stones. It 
bids defiance te the saw i^id almost to tlie chisel, but still 'it can be woihed 
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with expense to anjiorm, to a ftur but not smooth face, and hs^no 
to split. Its compoh^t parts are quartz, felspar* and mica, clo$d.^ 
when the stone is nne. 

19. Slab stone, is of a lamellar construction, which is of 
splits iiutnt parallel plates of greater or less thickdess with 
great strength in the direction of its laminm, and can be cut tr^ 
the saw. This stone must always be used with its natural joints in 
position, for otherwise the outsides will scale off and the stone fall to pieces. 
It is therefore useful for flooring and covering of roofs, paving and stairs, or 
in the foundations of extensive buildings, as being flat and affording equal pres- 
sure to a large surface of ground. 

20. Bubble or rough stonc^ comprehends all those which from their bai’d- 
ness cannot be sawn, and from their brittleness and irregularity of grain resist 
all attempts to re^pce them to regular shape, save by veiy expensive processes. 
Such are flint, trap formations, and compact lime stones^; these stones are only 
used for rough work in foundations, or flUing^nn walls of more than ordinary 
thickness, backing and strengthening them in parts not exposed to view. 

21. The Engineer may be so situated in this country that he may require 
to quarry and raise his own stone, the following observations will therefore be 
uscM. The stone found near the surface, which has been exposed to the 
atmosphere, is not so sound as that below,, where it has been subjected to pres* 
sure, and where consequently it will be of greater density. Ob opening a 
({uarry, the ffrst consideration is how to raise and deliver the stone in the least 
expensive manner. The work should therefore not be begun too low, but an 
excavation made in side of a hill, in preference to the top, that the road 
leading to and from it may be as gentle as possible. *When necessity compels 
the afteT'ddivery from below, a gentle descent shonld be cut to.it to assist the 
draught of the animals cmployed|. if machinery be not available. 

The stone is fqund in b^ or masses, and on dole inspection will be 
found subdi^ded by natural joints or. fissures,* at which places the stone lias 
no natural adhesion, and one Mock will easily part fccM another, andHhis may 
be done without fiu6taTe to eith^ if conducted mth care, tiiou|^ the first block 
of all must be sacrificed by dther blastm^ or hammer and died wedges, in 
order to get out'thd (^ntigaous blocks. The vertical fissures should fimt be 
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sou^ fpr tbat correspond with those in front, and the size and position of the 
blocks will thus be exposed, leaving it for determination whidi shall 
^;C!^'e^^ficed to enable the adjoining ones to be got out. Steel wedges 
be worked with heavy hammers till enough of one stone be cut away, 



jie removal of th^ block required, which can then be shifted by small 
I * and on the undisturbed side of it, and when shifted can be easily 
remold by the opplication of iron crow-bars or levers raising it sufficiently 
to get rollers underneath, by which it can be transferred to a truck, which is a 
four-wheeled platform of more than ordinary strength, running either on a rail 
or hard-prepared surface. * 

22. When natural fissures do not east or smaller blocks ^are required than 
those indicated by them, such fissures must be made artificially, by drilling a 
line of holes at regular short intervals in the direction required. A row of 
conical steel-pointed pins, rather larger than the holes, are s^ one in each hole, 
and struck sharply and^ simultaneously by Miner’s hammers which will produce 
separation, but where the cleavag^is easy, dry hard wooden pegs may be driven 
in, which if not successful from the blows, may be made to swell by forming a 
bank of clay round them capable of holding water, when the necessary eifect 
will be produced if the wood was previously quite dry. 

23. As levers are apt to break the .sharp edges of stone fresh quarried, 
the assistance of an useful and ingenious instrument called a “ Lewis,” is 
brought intd operation, being workqd by a pair of blocks and fall, or system of 
puUics, the end being connected to a windlass or crab, and the upper block to u 
rough crane or beam fixed nearly perpendicularly, its upper end being over the 
stone and the crab at its foot. (Figure 1, Plate I.) sho^ the construction of the 
Lewis put together ; in the opposite direction the side* are parallel, and of the 
same thickness, from one and a half to three inches, according to the magnitude 
of the work. In front the pieces c d, c d, Spread out so as to be twice as 
thick at the bottom hi d, as they are at e, t£ese\thicknesses, may be one and two 
inches. The middle piece is df the same size from top to bottoifi, two inches 
thick. Wien the three j^ces are put together, the distance across from c to o will 
be four inches, and from d to d six inches, but on taking out the' screw-pin, the 
central piece e ihay be withdrawn, and the outside pieces brought together, when 
the distance from d to d will be reduced to four inches^ so that if a dovetailed 
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in sunk in middle of the upper side of a block of stoife four inchibd 
wide it top and spjreading to six inches at bottom, and deep enou^ to thke In the 
whole Lewis (which may be from four to sisven inches long),*the two.piec«s^an 
be separately introduced, and on putting the centre piece between ^em. w|m the 
bolt and shackle attached, no force can withdraw the instruznehtiiK^lfSflp^ 
ing away the upper part of the dovetaii. The Lewis therefore broi^es jl^ost 
powerful handle for lifting or lowering stone. 

THE DURABILITY OF STONE AND BRICKS— AND THEIR RESISTANCE 

TO THE CRUSH. 


24. As the following remarks apply equally to both the above materials, 

they are here ph^iied between them. The object of inquiry is their durability 
and strength, and how these qualities may be affected by their position in a 
work, a knowledge of this will affect the selection as well as their application 
to the greatest advantage. The durability of material con only be known by 
trial and experience, from which general deductions may be made ; it is impos- 
sible to lay down rules applicable to aU cases, as it must be a knowledge gained 
from experience, which forms the surost guide. All that science can do is to 
select the proper materials and to try their cohesive force or strength by 
approved methods, recording the results faithfully, and describing such material 
that its identity may always be recognised. Being in (possession of such observa- 
tions, it will be for the practical Engineer to make experiments on the materials 
he has to work with, in order to determine whether they are worthy of more or 
less confidence than theibcamples cited. • 

25. The absolute strength of materials depends on thqjr cohesion and 
tenacity, so that strength will ^e governed by the quantity that is exposed to 

* action, or the area of surface act^ oir. It ia however Ibund in practice, that the 
power to resist compression increases more ra|ndly th^ the sunhihes. Fracture 
can only take place when the power applied is so great as to ov«comd the cohe- 
sion of the porticleek composing the*masa,. they then give way hderally and are 
said to be “ crushed,” so when a cube of any material of , a quarter (ff an inch 
square is subjected to nressifi^ having no earinma^ support to asrist it, it will 
give way mere readily ihait if it was surrounded eight other cubes of the 

D 
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to it, of one jnece with its^, held t(^;ether by 
eohesdve power, and forming a square surface of three-quarters of an 
iQiq||lf]^tead;C^. a quarter, for here the lateral spreading of the original cube is, 
prevented. 

v;. The resistance of stone and brick to the crush, may be considered 

both with respect to the weight they are capable of sustaming with the u;[q>er 
surface exposed, or if placed between two surfaces horizontally, what weight 
they would carry without crushing. It very rarely occurs that wdghts are sus- 
pended at the extreraeties of stones, on the contrary both stone and brick arc 
almost always pressed between two parallel surfaces. If we .consider the great 
thickness given by the ancients to the supports of their edi^ces, we may sup- 
pose that they had but little idea of the resistance of the material they used ; 
but the boldness of the architects of the middle ages who often carried immense 
masses on slender and lofty columns, leads us to the belief th^. they both studied 
and knew the strengt]^ and properties of stone in this respect, yet we have no 
trace of .their research, their Examples alone remain, a few of which are 
here given. 

27. As an example of the smallest surface of the points of support of 
gothic architecture may be cited the two columns of the Church of Toussaints 
at Angiers, the diameters of which are 1 2 inches, their height 25 feet, they 
support pointed arches of free stone, and the weight borne by each is 35 tons. 
From the work of Monsieur Kondel^t, whose results agree with the experiments 
of Gauthey and thdse of jir. G. Rennie,^ the following are taken as indication.s 
of the pressure exercised, in some of the boldest edifices, on a surface of nine* 
square inches, given in avoirdupois pounds. 

* Pomidi Avoivdupois. 


Piers of tl\jB Dome of Saint Peter’s at Rome, , 1022 

Piers of the Dome of Sajnt Paul’nat London, 1190 

Piers of the Deane of the Invalides Rpi/rln .' 922 * 

* Piers of the Dome of Saint Genevieve 1840 


The (jpUlars of the Church of Saint Genevieve, support on an area of 9 square 
inches 1792 lbs., and the weight under Md^ich two enbic, indues of the stone 
composing them crushed was 15,344 lbs. The pressure therefore supported by 

i , , - 

* f^J^wyAieal Ufagaz^, Voi. UII., 112. 
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the etone of Swiiit G<^vieve, is from ei^t to nine times less than*that requirM 
to crush it. In pie pier of the Chapt<nr House at Elg^n, the stoi^ supporta 
a weight of 6^ tons on each nine square inches, this stone is red gtitj; and has 
resisted this pressure for several centuries; the power of resistance appears 
to range betweai 12,720 and 23,925 Ibs; on nine square inches' of varieties 
of stone, whilst that of brick averages 9,150 lbs. on the same "sur&oe. As a 
general rule, neither material should be allowed to carry more thaTi ^th of 
the weight that has crushed them in small experimental cubes,* and in the 
voussoirs of an arch even this would be too much, unless under the assurance 
that the pressure is equally spread over the whole surface of the joints. 

28. The fq^owing are the results of experiments on stone and brick 


conducted by Mr. George Rennie< — 

Pounds Avoirdopois, 

A cubic inch^of chalk crushed with, 500 

An inch and a half cube of half burnt brick, 1005 

„ Ditto „ well burnt brick, 1617 

„ Ditto „ hard paving brick, 2254 

„ Ditto „ Red sandstone,.. 7070 

„ Ditto „ Portland white sand stone, 10284 

• „ Ditto „ Yorkidrire slab stone, 12856 

„ Ditto „ Statuary marble, 13632 ' 

„ Ditto „ Granite,.. * 14302 

„ Ditto „ Compact lime stone, .*. 17354 


Density as expressed by specific gravity does not influence the duration 
of stones or rather their resistance to fracture ; for statuary marble that has a 
specific gravity of about 2*760 has not so great a power* of resistance os granite, 
the specific gravity of which is 2*625. , 

29. The rule that is genefaUy followed for determining the necessary 
■strength and dimensions of a colufhn'for vertical support is to take such of the 
experiments as have been detailed as may suitlihe case, and multiply thebe- 
suit given till it reach the power sought for, and then only to take ohe-fourth 
or fifth to work upon, Thus if a square inch of brick can safely bear 600 lbs., 

* O&e-ninth of the orusUng veiglitbs about equal to one.4fth of what may be teimed Ibe power of 
reeistaoce, or what the material cin bear, although it would not be prudhnt to eubjeet it to eo mu^b. 
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two imshcw dtibuld support l,2p0 lbs. and ten square inches’^, 600 lbs., but instead 
of trus^g ten inches of brick to bear 6,000 lbs., but a foar{h or fifth should 
be placed on it, er, if the whole load is necessary to be carried, the sur&ee of 
l^ck-work should be extended to four or five times 10 square inches ; this 
is inerdy making the strength increase as the area, and then using one-fourth 
of the result, (para. 27) and such is deemed safe to guard against what may 
be tenned imperfect construction, by which is meant the almost impossibility 
in practice of getting either wood or stone in large pieces to bear equally on 
every part of the surfiice prepared for their support. Thus a pier of brick- 
work containing 180 square inches of surface might be built to support a weight 
which it would be fully competent to bear, if distributed equally over its sur- 
face. But in placing the l«ad on it, either from difficulty of raising or other 
cause, it might happen to rest on only 10 or 20 square inches, which being 
incompetent to bear it, would give way, transferring the weight to some other 
small portion. equally weak, and thus the whole might fail. 

The specific gravity of ordiniaiy sand stone is 2*113, weight of a cubic foot 
141 lbs., is crushed on an average by 5,923 lbs. on square inch. 
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CHAPTER IL 

BRICKS. 

.30. There are four distinct points for consideration in the manufacture of 
this material ; 1st, the preparatmn 6f the earth ; ^nd, the moulding; 3rd, the 
drying; 4th, tlie burning. 

THE PREPARATION OF THE EARTH. 

31. Clay is the material that has at all times been used for making bricks, 
it will be useful therefore to notice in the first place its peculiar properties, in 
order to show the propriety or necessity of certain operations in the manufacture 
of the material called “ Brick.” 

Alumina is one of the primitive earths, and constitutes the plastic principle 
or base of all kinds of clay and loams, it derives its name fifonf alum being 
obtained in the greatest degree of purity from that substance,* while the vary- 
ing properties which are found in clays arise from their admixture with silica, 
iron, lime, felspar, &c., which, combined in certain proportions, render the clays 
useful for various purposes and manufactures. The red bricks owe their color 
to the presence of a large proportion of oxide of iron. 

32. Many clays arc so mixed with gravely that before it is fit to be 
'moulded into bricks it should b^ subjected to the process of being passed 

between rollers (para. 53^ and afterwards through Ihe pugmiU (parii,. 54), though 


* Pure oluminiC or alam deprived of its sulpBuric acid and potasb, is a white tastdess insoluble sub* 
dtance, attracts moisture and adheres closely to any moist surface, when mixed with water is ductile and 
tenacious, and capable of being mouldy to any fonn, hence its Talue to the potter. — G* Shaughnesay's 
Manwd of ChemUtry. * • 
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if the formel has done its work well and effectually crushed the gravel,* the 
pugmill ueed not be used except for the preparation of m 9 ulding, arch, and 
column bricks, and particularly for tile-making. The gravdly clay is generally 
of a ydlow ochreish color, and the pebbles containing lime, would, if burnt 
with the clay, expand and'split the bricks. Attention however is necessary in 
the use of this clay or “ marl” containing lime, as but a very small proportion 
of that substance is admis^ble in brick clay, and then only i^, a pulverized 
state, the presence of lime can easily be tested by pouring a little acid on a 
solution of the clay, when, if it be present, an effervescence will be apparent. 
In alluvial soils bricks made of the upper earth are apt to cnick in drpng and 
warp in burning, however well tempered or mixed with other ^ingredients, such 
soil is therefore to be removed and better claytsought for below. 

33. A stiff, tenacious, plastic clay is unfit for making into bricks, as they 
will certainly split and, fall to pieces in burning, a milder clay or “ loam” is the 
proper kind containing a certain quantity of sand, and when this loamy soil is 
not found naturally, it must be imitated by adding sand to render the clay less 
tenacious. The dark volcanic friable soil, and the disintegrated red soil of 
Bundelkhund and Malwa, are totally unfit for brick-making, as their component 
parts possess no self-adhesive qualities, and even in a kiln-burnt state they will 
not resist heavy rain but crumble under its effects, they are therefore out of 
the question in a sun-dried state. Beneath such soils the ochreous clay will 
often be fo’und and should invariAbly be fought for where it is necessary to 
make bricks in those parts of the country. 

The Dutch make a most extensive use of bricks, of which they have several 
kinds. Not only are bricks used for ordinary building purposes, and for fur- 
naces, but also in great quantities for foot ^vements, towing-paths, streets, and 
high roads. It may be observed, that they hove of late been used very 
effectively in England for the? pavement of railway stations. The paving bricks, 
or Dutch clin|!crs, are the hardest sort, and are principally manufactured at Moor, 
a small village about two mile's fr(tai Gonda, in South Holland. The brick fields 
are on the banks of the river “ Yssel,” from which the chief material is derived, 
being no other than the slime deposited b^ the river on ith shores, and at the 


w ^ 

* Practice b Warwickshire, where the btot bricks b £M;laDd are made. 

• € * • t 
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bottom. Tbe slime of the Haarleein Meer is ext^sivcly used for 'this purpose. 
This is collected ip boats, by men with long poles, having a cutting circle of 
iron at the end, and a bagmet, with which they lug up the slime. The sand is 
also obtained by boatmen from the banks of the river “ Maes." It is of a 'fine 
texture, and greyish color. The hard bricks are made with a mixture of this 
slime and sand. River sand is recognized as one of the best materials ^or 
bricks, and i^sed by the London brick-makers, who obtain it from the bottom 
of the Thames, near Woolwich, where it is raised into boats used for the 
imrposc. For what arc called in France, Flemish bricks, and which are 
manufactured in France, Flanders, and on the corresponding Belgian frontier, 
river sand is preferred, and is obliged to be obtained from the Scheldt. At 
Ghent, and lower doivn, a considerable traffic is carried on in the supply of this 
material. The quantity used there is about one cubic foot of sand per cubic 
yard. 

The slime and sand, being mixed, are well kneaded .together with the feet, 
and particular attention is paid to this part* of the process. The mixture is 
then deposited in heaps. The mode of moulding and drying is similar to that 
used elsewhere. The practice can be eflfcctually applied in Calcutta, and wher- 
ever the rivers afford slime and sand similar to the above. J have seen excel- 
lent’bricks made at Howrah from a mixture of river slime and brick clay. 

31 . To prepare clay for brick-making the invariable practice both in Eu- 
rope and America is to dig it from its native bed previous to the 'setting in of 
Winter, in order that it may be subjected to the action of frost under the effect 
of which it disintegrates, and its substance divided into such minute particles 
as to render it more fit to be combined with other substances necessary to the 
manufacture of good bricks, such practice is strongly recommended to be fol- 
lowed in India, for the cold is sufiiciently intense to act effectively on the clay ; 
by far too little attention is paid to the manufacture of this most useful ma- 
' terial, and the value pnd importance of following the firmly established practices 
herein described, will be fully acknowledged* by* the production of ^ material 
which shall resist the corroding influence of moisture so destructive to the 
bricks as at present made. The soiTmust be dug, and if not naturally fit for 
the purpose, ought to be artificially rendered so, by the following means, which 
is an abstract of the {>r^tice above {dluded to. Quantities of clay each^equal to 
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the manufacfttre of about 2,0^0 bricks or 260 cubic feet, are to be dug up before 
the cold weather, (September and October)* and laid on levelled ground, which 
if a little below the general surface is better, if sand is required, it is then added, 
if not, the clay is worked without, but in either case, it is subjected to a 
tempering process being cut, slashed, and well worked with spades or fowrahs, 
adding water to soften it. If the clay is gravelly as described in para. 62, it is 
to be passed between the rollers previous to being tempered. JIVhen the clay 
has been well worked for several days till no lumps arc perceptible, it should 
be left till February, when the sun getting warmer the whole will have become 
an uniformly soft and yielding mass. This process should be considered ne- 
cessary as well for sun-dried as for kiln-burnt bricks, and^even for the clay 
plaster with which the former are almost always covered, to which a proportion 
of cow-dung should be added. 

35. Although “ cucha masoniy” or masonry of sun-d»ied brick has been 
executed so as to last ^r centuriesf by the Egyptians, Greeks and Eomans, its 
duration .was owing partly to th4 clay having been exceedingly well tempered, 
partly to its having been mixed with finely chopped straw or wood dust, and 
partly to the length of time the bricks were allowed to be exposed to drying 
before they were used. In India the practice is to dig, mould, .and place the 
bricks in a wall often within two months, with but little regard to the nature 
of the clay, untempered, and not perfectly dry ; in that state the bricks have 
the elements of decomposition and .destruction within themselves, being very 
porous, full of impurities, and containing the larvas of white-ants, the most 
destructive of all causes. Now the disunion of the particles of the clay by 
cold, the proper mixture of sand with tenacious clays, and the suffering to dry 
for an entire season or more, would tend materially ' to destroy the germ of 
white-ants in the bricks themselves. When small quantities of bricks are re- 

* It is generallj' known by the month of October, wfiat work is likely to be undertaken during the • 
following senBoD, ftnd the quantity of clay can be accordingly prepared, an(f suificient bricks obtained to 
laet till the taiccecding year's kilns are burnt. 

t One work in particular (a p 3 rTamid) 10 leagues from Cairo, 150 feet high, rectangular base 210 X 157 
feet measured by Dr. Focock's in 1738, constnicted by tUb Egyptians. The Greeks and Romans likewise 
used them, but not (in til they hod been dried for two years at least. At Utica the Magistrate was forced to 
certify that the unburnt bricks had been made five years before /he inhabitants would use them. — Cresy^ 
Booh 11, IV. ^ ‘ * 
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quired the clay may ^ temper^ and mixed by placing it on a ba>rd ‘bottom, 
well working with oM fowrah and puddling or tramping it with the feet' 
the layers of clay*nWer to exceed 10 or 11 inches in thickness, and as much 
water given as will sink the f(^t B or 9 inches at every step, layer after layer 
may be added till the requisite quantity is obtained) in this operation neither 
labor nor water must be spared, the water being afterwards drmned off, or the 
clay spread out to diy.* 

THE MOULDING. 

3G. Before the moulding commences, which it may in the latter end of 
February, the clay should be rendered perfectly mild and yieldingly consistent; 
if too diy, water should be adde^ if too moist it should be opened and spread, 
and during the hot weather it would prevent its return to lumps and otherwise 
getting injured if jit were covered with light but firmly secured thatch, which 
as the clay is used would answer for drying all finer kinds of bricks and tiles 
under, a measure quite necessary with such material. It is at this stage of the 
process of preparing the clay that the London brick-maker adds the “ breeze,” 
which is the refuse of the dust-holes, and contains cinders, fire-dust, and decay- 
ed matter of kinds, and is added to the clay in the proportion of about ^th, in 
order that the brick may possess an ^ement of combustion within itself, and 
thus become red-hot throughout, the breeze besides materially improves its 
durability. Sawdust, cow-dung in powder, litter and dry grass of aU kinds reduced 
very fine, would have a similar effect, and zuight with advantage be added to 
the brick clay in India, though about ^th would be sufficient proportion for 
such ingredient, and the whole should be particularly well incorporated. 

What is termed “ strong clay,” is generally sufficfently free from stones to 
be used without washing, and the bricks made from it are hard,and sound, but 
are liable to crack and contract very considerably in’ drying, and become warped 
• and mishapen in burning. These ^defects are in a great measure removed by 
mixing the earth with chalk, reduced to the cdnsistency of cream, as will'be 
presently described, which greatly diminishes the contraction of the clay, and 
improves the dolor of the brick. 

* ^Ipngton'i Civil Engbeering, Art. 484, page 267. 
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37*. Itfis very necessary to see to the condition of the brick-monlds and 
tallies, pf«vious to conanencihg the m anufacture of the Besjaon, and suc h inspec- 
tion should not bcj/Sntrusted to natives, wfld thar eareleSs Jxabity fare unfit 
to {^predate the value of eifident means andtnll allow moulds to be used which 
have been somewhat distorted by wear, and tables with their surfaces uneven, 
split or warped. The moulds and tables shmild both be of hard*seasoned wood, 
hometrical view of a Moulding Table. 



A, sand basket. B, detached water-box. C, moulding board. D, water-box. E, rJay knife. 

the latter perfectly level, having a watertight trough conveniently attache^ for 
dipping the empty mould in to clean it after the delivery of eacn brick, or in 
which a secpnd mould lies ready cleaned by an assistant boy, as the moulder is thus 
enabled to work uninterruptedly. The moulds should be of old seasoned teak, 
sissoo, or toon, bound and edged wth thin iron plates and perfectly rectangular. 



r j 

For dimensions^ see page 23 opposite* The edges are nlatid with iron. 
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As clay shrinks in drying, if the brick is to be 12’'X6"*X8', the mould should 
be 12|'X6^^X3|‘^’j but Il^^x6'*’x2^'' is a better tiimension, as with the proper 
quantity of mortaf, four courses of brickowork will measure a foot of height, which 
is a convenient reference ; the moulds in this case should be 124 'X 6 |^^x 2 f'. 
In Europe and America brick-work is measured by the red, which is equal to 
272^ supl. feet, and in estimating, the walls are said to be one, one and a half, 
or two bricks thick, and as the number of bricks of the stlindard size id a 
rod of work of these various thicknesses is known, the total solid contents is 
easily arrived at. In India, as the practice has hitherto been invariably to cal- 
culate by the solid content, no coimterbalancing g(»d result would be obtained 
by altering the system ; it may however be improved, if not perfected, and in 
addition to the reasons noticed abcwe for laying down the measurement of the 
standard brick at 1 1 4'^ X 6*' X 24", the following may be adduced. W alls estimated 
at 2 feet and 14 feet thick, are, if constructed of the brick 12^X6", respectively 
25 and 184 inches in thickness unplastered ; and the native masons will often, 
if strict accuracy is enjoined, actually chip off the ends of good bricks that the 
thickness of the walls may gauge properly, and as they are not particularly 
careful in the operation, (in itself to be condemned) more is broken off than 
ought to be, the rough .end is placed towards the interior of the wall, and the 
difference filled in with mortar, thereby weakening the trail, and wasting 
mortar. By the careful preparation o^the material according to the instructions 
laid down, the mason is provided with bricks in the laying of which he has the 
least possible labor consistent with proper bond and plumb work, as there is no 
opening given to him either to mutilate the bri<^ or swerve from specified 
dimensions,* whilst the calculations of the architect are facilitated both as regards 
the measurement of exeqiited work, and the quantity of material consumed. The 
size of the English brick 9" X 44" X 24“" has been justly condemned by Nicholson, 
Gwilt, and many modem architects and buildeys bn account of the greater 
•amount of labor, and quantity of Hiortar consumed than would be the case in 
the execution of a piece of work with brickg of# somewhat larghr dimension, 
though the above dimensions were fixed by lat«r to enable the tax iuHposed to 
be equalized everywhere. The Act limiting the size of bricks was passed in 


' This inatfer ^ill mor? fully illustrated uuder the head ** Brick Masonry/ 
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the early pa{t of the reign of George III.* when the advancement of the arts was 
a matter £eu* less importance than now, and may be considered rather an 
arbitrary Act than one resulting from dne inquiry from experienced professional 
men, as its origin was owing to the Hmit of nine inches which the law assigned 
to a partition wall of -a house. The ancient Greek bricks most in use were the 
Didoron or two palms in length, which corresponds to a foot, and they were 
half a foot wide.* There were also, the tetradoron and pentradoron, or three 
and five palms in length, but these were most likely used for pavements and 
slabs for r(X)fs. As regards the burning, it is thickness, greater or less, which 
retards or facilitates the roasting, as the bricks are laid on edge in the kilns, 
with an interval between each row, and as 2^. inches the thickness of the smaller 
brick, is retained in the dimensions laid down for a standard, abd moreover as the 
length and breadth respectively of 11^' and 6" "have been shown to possess merits, 

the result is I think conclusive as to what is the best form of brick for buildiiiff 

• ^ 

purposes. It is very necessary whilst the manufacture is in progress that half 
bricks be made in moulds for the purpose as good masoniy cannot be executed 
without them. The loss by breaking whole bricks, and the insertion of irre- 
gular pieces in the interior of walls, are serious evils. To every lac of whoh; 1 
15,000 half bricks should be made. 

38. Bricks biay be and are by the Natives, moulded on the ground, but 
the surface should be first perfectly levelled and hardened, and also smooth 
plastered. • An Overseer should constantly visit the brick ground to see that 
the clay is not put into the moulds in too inoist a state, for the bricks will 
shrink too much in drying and be otherwise inferior, and yet this is an evil 
constantly committed, as it is easier to mould very wet clay. The consistency 
should be that of welldmeaded dough, let drop with |pne force into the mould, 
and pressed into the comers, the superfluous clay being cut off by an iron knife. 
Previous to commencing to n\ould, the table should be sprinkled with a fine sili- 
clous sand thrpugh a sieve, or what is betterf the ashes of the kilns powdered and> 
sifted, thfi mdulds should be kke^ifise sanded that the bric*k may turn out clean. 
A board *1' or 1'*’ inch thic^ a little wider than the mould, and three inches 
longer, is laid over each brick as it is moulded, and the surface of the brick 

* « 

* Gwilt'g Encyclopedift of Arebitecton, Bbok lI.,,ChBp. H. 
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being sanded the whole is inverted, when the moujd may be drawn\ip with both 
hands care&Uy, ajid the soft brick carried away to the drying ground on the 
board. The fresh mould is then taken teom the water trough, sanded, and the 
operation continued. Two men and a boy are required to each moulder, ‘one 
bildar for digging the day, tempering, and supplying the moulder, and um> 
for removing the bricks on the boards as moulded, the boy for deaning 
moulds, supplying sand, &c. To prevait the loss of labor consequent on the 
conveyance of each moulded brick scparatdy to the drying ground, a bar- 
row should be provided with a raised stage on, it, so arranged that it be 
level when the barrow is in motion, this stage should contain 20 bricks; 
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care Should fie taken so to dis|>ose the tables or moulding places with reference 
to the drying ground, that the barrows shall not have inequalities of surface to 
pass over as concussion will be injurious to the yet tender brick. The turning 
boards should be left undp the bricks for half an hour after they are first 
deposited. 


THE DRYING. 


39. The surface of the drying ground is of course sanded over, and the 
man in attendance, as soon as the bricks have become a little hard, should move 
them to the sanded spot from whence they were first deposited, placing them on 
their edges, by inclining the\ioard with one luind and applying the other to the 
brick, whilst he slides away the boards to be returned to the moulder. The 
soft bricks are disposed in an angular manner like a worm-fence, but in 
no case more than two inchq^ apart and not touching any where thus — 
^ ^ ^ ^ A row being finished, the bricks are sanded on their 

^5r tops, and when sufficiently hard, a second tier may 
^ ^ ^ ^ be laid on them, and soon till six tiers arc completed, 

which is as much weight as the lower ones will J)ear, 
withdut affecting their shape. The object of thus placing them is to allow the 
wind to blow freely through and dry them effectually, but this should not t^e 
place too rapidly or they will cnCCk with the great heat to which they are 
exposed in May and June. It is advisable therefore that the lines of bricks be 
covered with a rough thatch, suffi<|ently strong to prevent its destruction by 
storms or the strong hot winds. The moulding should likewise be conducted 
under thatched cover ; and it will be found that the expense attendant on all 
these so necessary precautions, will not enhance the cost of the material so much, 
but that far ^ater proportional advantages will be gained by the superior, 
quality of both the bricks and masonry. When sufficiently dry for turning, 
the bricks should be moved to an adjoining spot previously prepared, disposed 
on their edges, this time laid parallel, inch apart, the, edge that before was 
downward being now uppermost. In the courses, each brick is placed over the 


MOliigton’a CiTil Engineeriog, Art. 48A imi^,266. 
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opening betweiMi the two below, and the six coqrBea again com^ted. They 
do not require the sun now and may Ire under cover of thatch, the air wUl 
complete the drying, they may require turning twice and should by no means 
be carried to the kiln till thoroughly dry. 

40. Bricks required for fine purposes, such as columns, mouldings, or 

arching, are dressed, (when about half dry, so as to be handled without inden* 
tation) by placing them on a dressing bench for the purpose, first patting their 
surfoces with a flat board, and then chamfering them for their intended pur* 
poses, with a knife, vide Plate I. Fig. 2. Column %ad arch bricks are made in 
moulds expressly for such works. , 

41. The brown color of conpnon clay is derived from the oxide of iron^ 
which, when burnt, causes the brick to be red, Such a color, though almost 
universal, is nevertheless hot and glaring. Calcareous clay of an ochreous tinge 
or “ malm” eartlr has been found in several places in England which produces 
a buff-colored brick, and which is an excellent color, a^eable to the eye and 
cooling to the temperature of the building, such clay requires no mixture of 
sand, only ashes ; where this clay is not found, the English brick-maker rubs the 
ordinary marl” about in a peculiar kind of sand obtained in the Biver 
Thames near Blackwall, before dropping it into the moulds,.and when moulded 
the bricks arc laid on boards also covered with this sand, and the upj^r surfaces 
are sprinkled over with it from a sieve. Thus coated the bricks when burnt 
assume a greyish color, and are used for the fiicings of buildings.* 

THE BUEma 

42. The term “ burning” retained here on account of the usual accepta- 
tion of its meaning, is incorrect, the object being not to burn the day, but to 
drive off the moisture by gentle apd equally diffiAed heat, and then gradually 
to roast the bricks. .This operation is one of great nicety, and t^ous tore the 
methods adopted for producing the proper dd^ree of firing with the ^st effect, 
such are the kiln burning, clamp, flare oven, and as each may be applicable 

* It is irell worth while for every perwn engaged in exteniive district brick«)aking, to search and 
inquire for both the oal(;a>^j» ^7t to anal^rze the sands of rirers, as the prodnetioa of light-o<dored 
bricks is an object devoatlr to lie wlpbed fbr in India. 
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with referent to localities an4 resources, it will be necessary to describe them 
all, pointing out their respective merits, and comparing them avith the ordinary 
Hindoostani method which partakes of the nature of a damp, and of which a 
description is given. 

43. A kiln is formed of bncks cemented with clay built into a rectangu* 
lar form, with very thick side walls, and a doorway at each end for carrying in 
and out the bricks, these doors are built up with unbumt bricks laid in clay 
whilst the kiln is burning, and a temporary roof of any light material is placed 
over the kiln to protect the jaw bricks ‘from rain during the process of loading, 
but which is removed previous to firing. The walls are generally about 3 feet 
thick at base, diminishing tS~l or feet at., top, and may be* strengthened by 
buttresses 2 feet wide, bctwdbn the openings. * The English kilns arc generally 
20 -f 10 feet on the plan, and 12 feet high, containing 20,000 bricks, the fuel 
being wood. They have no chimney, and are as often without fiues as with 
them. (Fig 3, Plate L) 

44. • The bottom of the kiln is laid in regular rows of two or three bricks 
wide, with an interval of two bricks between each, these rows extend the 
whole length of the kiln, and are built generally six courses high, (Plate I., 
Fig. 4.) This is permanent work in kilns that have flues or fire-places built in 
their floors', but have to be renewed every time of loading when the kiln has 
a flat bottom. The openings between the walls are first laid with dry light 
wood, or shavings, easily kindled; then with larger brush-wood cut into short 
lengths to pack compactly, and lastly with strong burning wood. When this 
is done, the formation of the archei^ commenced by the process of overspan- 
ning, each course of bricks extenmng an inch and a half beyond the course ' 
below, for five courses in height, taking care to back up weU the over- 
spanning bricks *as the work proceeds, on both sides of the arch; great care is 
necessaiy in forming and closing the arch, £qe if it fidls in durmg the burning, 
the, fire ij^ay Xe extinguished and many bricks brokem The intermediate 
spaces between the arches are next* filled up bringing the whole to a level, and 
the loading then continues till the kiln attains its full height. Jn the loading 
or “ setting” not only in the body, but also in the walls between the arches, 
the ends of the bricks touch each other, but narrow spaces must be left between 
their " sides fo^ ^the fire to play through. This is dope by’placmg the bricks on 
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their edges, following the rule of^“ three upon three” reversing ihe direction 
of each course (Plater 1. fig. 5). The hiln beifig filled, the top course is laid 
with flat bricks so disposed that one covers part of three others like a plait. 

45. The kiln being finished, the roasting succeeds, which is a delicate •ope* 
ration, wd should be attended to only by practised* hands: the overseer should 
study this part of the operation of brick-making, for close attention and no 
little skill and care are requisite. The fuel is Idndled under the arches, but 
must be closely watched, for being in a large body it would bum violently and 
crack the lower tiers. To check the burning, the arch holes are closed with 
dry bricks or even smeared with wet day, to prevent the entrance of air, and 
the consequences of too rapid combustion. The fire should be made to smo- 
ther rather than hum, that by gentlb heat, the moisture remaining in the bricks, 
may be driven off, and at first they may be dried rather than burnt. This 
slow fire requires to be kept up for about three days and nights by occasionally 
opening the vents to supply air or fuel as either may be wanted, closing them 
wholly or partially till the fire has found its way through all the openings be- 
tween the bri(^, and begins to heat those at the top. To ascertain the pro- 
gress of the fire the top of the Min must be watched, and as soon as the smoke 
changes from a light to a darker color, the drying is complete, and the fire may 
be nrged. The first vapour is light-colored, being only steam of the water 
evaporating, after that the real smoke of the fuel ascends, and the vents may 
then be opened to admit full draught, and a fire kept up from fbrty-eight to 
sixty hours, but not so strong as to vitrify the bricks, and wherever it encreases 
too rapidly the vents must be partially closed. Experience will show how 
much each particular clay shrinks in builiing, the stronger the day of the 
bricks the more the kiln will sink, and it is by this sinking that it is known when 
the contents are 8uflS.cienU,y roasted, about nine inches b the average, and when 
it is ascertained that the combustion is complete,.all air holes must be stopped 

’ carefully with bricks and clay, and ifi this state it remains till eool^ ^when the 
bricks may be distributed for use. 

46. It is evident from the above prcicess, tVt bricks of various qualities 
will be produced from the same kiln,* for the fire being applied below, those in 
the vicinity will be burnt to greater hardness, perhaps vitrified, those ih the 
middle well and equally roasted, whilst those at and near the top; will be merely 
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baked or be r^peela” as the natives call them^ but they will often fetch a good 
price in the bazars, and serve*to reduce the cost of the Useful bricks. 

47. In a little pamphlet lately issued from the Civil Engineering College 
at Boorkee, is a description of a kiln which is said to possess superior qualities 
to the above, as deduced from the experience of that institution^ and as it has 
been successfully worked in Scinde* and is in common use in Persia, its more 
general adoption may be profitable. — (Plate I, figs. 6, 7 and 8) show its con- 
struction. The interior dimensions are 31 feet 6 inches by 11 feet, and 6 feet 
6 inches above the flues. In the interior of the' kiln are parallel walls from 
end to end 6 inches apart, Und 4 to 5 feet high. Three lines of arched open- 
ings in these walls form the flues from side to side of the kiln, open on one side 
for the supply of fuel, and af^ the other having small draught openings. The 
floor is sunk three feet below the level of the ground, and access to the mouths 
o^the flues given by sloping away the ground on that side^ down to the level 
of the floor. The whole interior of the kUn above the parallel walls is filled 
with bricks, at first with small intervals, and above packed close. It has no 
covering at top, save a teriiporary one during the process of loading. A vigor- 
ous fixe is kept up for forty-eight hours ' mtinued supply of fuel. The loss 
in this kind of kiln, by breakage, vitrifaction or under-burnt bricks is less than 
in , the others, a proportion of 82 per cent, on an average being yielded of well-, 
burnt service^able bricks. A kUn of the above dimensions will contain 15,500 
bricks 12''x6'^x3^ The average consumption of wood is stated to be 575 
maunds of dh^lk or 20^ tons. A large proportion, but which would be lessened 
if a better description were used, as the dhdk {Bwtea frondosa) is not a good 
burning wood. The fuel in use by the Persians and which would improve the 
burning if applied where procurable, is what the natives put into the common 
llindoostanee kjjin, viz., stable litter, market sweepings^ and all kinds of small 
combustible offal. Firing thjs kiln daring high winds is objectionable, as the 
windward bricks will be under-burnt. ' * 

* 48. /ih clamp burning, the piling and disposition of the bricks is the same 
as described for the kilns, except that tilie lowm: arches are smaller, as they arc 
only to contain bi'ushwood or shavings to*prodt^ the first kindling. No fuel 

* By Ctptain Wellfr, Kngiftetn. alao Tniiacttcuuiiif SeoiCittb Bodety of VoL 1L| pige t89< 



of a large kind is us^, bat light litter^ sweepings and smsll shavings are sprink* 
led over each ooutse near the bottom, every second coarse a|bottt the centre and 
every third near the top. The £nlt layers are an inch and a half in thickness, 
diminishing in quantity as they ascend, where the greatest action of the heat 
is. The vertical and horizontal interstices all become, filled wiili light fuel, and 
the fire spreading as it rises soon converts the whole into one burning mass. 
The heat is thus generally distributed, and in order to confine it, the outside 
of the clamp is thickly plastered over with wet day aod sand, the bottom holes 
being shut or opened as occasion may require to regulate the draught. 

49. Clamps may likewise be formed by arranging . the bricks in a second 
set of flues or arches six cour^ above the lower ones, crossing them at right 
angles, continuing this process in *both directions to the top, or height of BQ 
courses. Though the distribution of the heat is more equal in clamps, yet the 
outside bricks must receive but little advantage from the fire, but they will 
always serve for the casing of the next clamp, when by turning their unbaked 
sides inwards most of them will attain a degree of roasfing as to render them 
marketable if not fit for other purposes. 

50. The common Hindoostance clamp of Upper India is somewhat in tho 

form of a huge bellows or sector of a circle; (Plate 1, fig. 9) shows a Section, 
its rear width or length of the ardi, varying from 100 to 150* fret. The mouth 
somewhat depressed below the ground level, and the damp gradually rising to 
the rear. The mouth of this damp is always placed to the westward, being 
the direction of prevailing winds during the' buming season. The small Hin-. 
doostanee 6" X 3" X U bricks should invariably be burnt with the large standard 
ones in this kiln, as by this means only will tho latter be properly turned out; 
the proportion in a kiln of 150 fit. width of base and three tiers of height is 
2,50,000 of tho large to 10,00,000 of the small: four layers on e^e of the large 
about an inch asunder, with two layers of ooinpose each tier^ the 

lower tier of all being eatirdy of ’snliall bricka k layers to the thidmess of 21- 
feet. Three fiset of mel is placed between eadi tier of bricks^ competed of Ba- 
zar sweepbgs^ stable and cattle-shed litter, kundahs, (eow*aimg h&d 

straw) and britshwood. The bi^g covered with the sameie^ adies, great 
care is necessary to render it impervious to rain, with clay, dsc., dll fire has 
penetrated to a quarter of the length of the lEil% after which there is liUle fear. 



The whole wjU take from six weeks to two months to buna out, but its form 
possesses the advantage of enftbling the blacks to be takeH; out before the ^Imle 
is burnt or about 15 days after ignition^ and which permits the udnd to drive 
the £re to the rear. The processes of taMng from the mouth and adding to the 
rear are often going on simultaneously. Scarcely more than 7 j 5 . per cent, of 
the best bricks is obtained from these kilns, the remainder are sold at remune* 
rating rate, and so are tlie small bricks, serving to reda(^ the cost of the large, 
which at the principal stations vary from three to five ^upees. per thousand at 
the kilns according to the facility of obtaining litter from the public cattle 
stables, sheds and bazars, the demand frr uuder-burut and small bricks, and 
rent of brick land. 

51. Wi^ the proper pfevious arrangement of the clay fables and mould- 
ing ground, contiguous to the drying ground, the following is about the amount 
of labor and fuel that the best bricks may require under proper sopervisiou. 
An expert moulder will turn out (m an average 1,000 bricks a day, in a month 
therefore of 26 working days, the total number moulded will be 26,000, and 
supposing the necessary precautions taken,- 7 per cent, may be allowed for 
breakage, the total number for each moulder will be therefore 24^050 ; the cost 
of the raw brick on the drying ground ready for the kUn may therefore be 
reckoned as followl : for one lac or 1,00,000 bricks — - 

4 Tables or 4 moulders. 

2 BUdars at the clay heaps will supply 4 . tables. 

4 Bildars for conveying'. 

4 Bildars at the drying ground. 

4 Boys at the tables. 

Moulds, table, barrow, boards, &c., 4 men for previous preparation of clay can 
dig and prepare in one month enough ibr 100,000 bricks or 13,0(K) cubic feet. 
The cost of burning will of qourse vary with ..the kx^ty, and irith reference 
to circumstances not^ ,|p para. 50; but'fbt clamp-bumt bricks standard size,' 
oUe lac ^ *genera]ly. consume about ..,25,000 mounds hi small combustible 
matter oi kinds, and 120 thaunds of wood.* 

* As prices of materitdi atid* Oostof labor litust^iiiy witli ts useless to give amounts 

{ft mon<^ -which could not serve as a guide to aU, but kaowusquttitities may safely be stated, as most likely 
to produce similar muhs vkeksver they s^iilwly iefeptoyed. *’ 
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52. The goodi^ess of a brick is tested by its regular ^ape, hardness and 
sound. It should We a metallic ring irhen strudc, and bear more than one 
hard blpw with the edge of a trowel befijre dividing. The oompaotness of the 
fracture will also indicate the quality and the degree of perfeotipn to which it 
has been roasted, and it should but slighidy absorb water. <The weight of a 
firml^-nmuldod and well»bumt brick will vary aocording to the nature of the 
clay, the average is from llij- to 14 lbs. 

53. The clay-crushing rollers, of which mention was made in para. 32, 
are shown in (Plate 1, figures 10, 11, 12). They may be of iron or very hard 
stone, their length is 8 feet and diameter 18 inches,*laid horiaontaUy and close 
together. The outer ends of the axles turn in brass channds ^ ^ with a slight 
inclination towards the centres, |mE prevented from sliding when hard sub- 
stances are being crushed, by pr^ntive scurews. On the inner ends of the 
axles at fi are toothed wheels of same diameter as the cylinders. The axle of 
one is prolonged by a Wft about 20 fret Icmg carrying at thew extremity a 
levelled wheel d, worked by a motive-wheel e, 0 feet diameter, the axle of which 
is raised to the height of a horse’s shoulder or bullo<^*s neck, to which an arm 
is attached for cattle to be attached .to. The motive-wheel is level with the 
cylinders and the connecting shaft supported midway as at c, in a block and 
brass box. dnst below the rollers is, a pit to receive the crudied day, and 
scrapers are so suspended under the rollers* that tl^ edges press against the 
surfaces of the cylinders, to scrape off all day that adheres, which trould other- 
wise clog the motion (figure 12). Counter-weights a a, are suspended in pro- 
longation of the blades to keep the edges close to the cylinders.* 

54. The pug-mill is shown at (Plate 2, figures 1, 2,) in devation and 
section. It consists of a strong comcal tub, 2 inches*thi<:^ bound with iron hocps, 
generally 4 fret diameteir at bottom, 3 fret 6 inches at top, and 6 feet high. It 
has no l^ttom, that being supplied by haxd levd day ground, impervious to 

' water into which it i? sunk a Uttle, ’and ban^' up to make it ste^y; 5 is a 
vertide square iron shaft, ^e bottom of whkfr ^Koks in a cast-iron |box c,let 
into a beam of seasoned wood in the grotmd ; this shaft carries arms of wood 
or . iron d d, an^ bthers in a cross difectlon.ei, all of which are equipped with 

* From drawings i$ken during a to tko brioki^ficldt in Warwickahirey 1841*42. They may bo 

arranged in one/>r two seta oft^o roUem each*, according to Ac quanti^ of work. , . • " 
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iron knives^ tnclinifag in the direction the shaft moves, thtit they may have a 
tendency to lift the day. By these two actions the lum^s of clay mixed with 
water are effectually broken and the whole reduced to an uniform mass. An 
inclining scraper nearly equal to the radius of bottom of tub is placed at for 
the purpose of k^ping the bottom free from adhesive clay. When sufficiently 
worked, the pugged clay is drawn off rapidly or slowly as needs be, by the 
sliding door r, received into a trough below, and carried away to where required.’ 
(Figure 2) shoVrshow motion is given to the mill, the track of the cattle working 
which, should not exceed 16 feet in diameter or the motion will be too slow. 
The dotted lines on this figure show how a pump may be fixed, to be worked 
from the axis of the mill, for the purpose of affording a constant supply of wafer. 

55. The nature and properties of sodrkpe or pounded brick, will be con- 
sidered in detail when treating of “ mortar,” but it is in the immediate neigh- 
bourhood of the brick kilns that its manufactory should be located, because the 
broken bricks as they come fipm the kilns, instead of being carried to the works, 
which they often wastefully are, or otherwise lost sight of^ can be made into 
soorkee and placed under sheds ready to receive it, or carted to the mortar 
trough as required. Only pieces of bricks of which there will always be plenty, 
should be used up into soorkee, and the freiffi-burnt clay is not only easier to 
crush, but makes better mortar than w^en stale. A pair of crushing stones 
shown at (plate 2, figures 3, 4,) attached to each set of kilns 'frill always keep 
up the supply needed, and the whole arrangement is fraught with economy as 
well as productive of good material. The stones should be fully 5 feet in dia- 
meter and 12 to 15 inches thick, working in a firmly set iron trough with a 
raised edge, and one oblique mouth for d^veiy of die soorkee as it is crushed 
out. The wheels are' set <mrthe same axle at, different distances from the centre 
and scrapers of J:;hin iron attached, to prevent adhesiob of the soorkee to the 
surffices of the stones.* Theispecific gravity of brick is 1*841 ; weight of a cubic 
foot 115 lbs., absorbs ^th of its weight of water; is craish^d by a force of 962 ' 
lbs*, on sq^are*inchf if perfectly well burnt. 


A steam engine o^smAll power might be eoonomioelly emplc^ed to waric the A>lleni, pug-mill and 
crusbing stones. 

/ t BennlA 



35 


CHAPTER III. 


TILES. 

56. Tile-maeiko requires, if possible, tuore 'dare than bricks, as from their 

greater delicacy they are more liable to derang^ent. The day should be 
much stronger than for bricks, veiy.little sand being used, and that only for the 
very plastic kind. ^ No ashes, chopped straw, saw-dust or any other foreign 
substance can be admitted. The best clay will generaHy be found below the 
brick soil, and the blue clay is particularly good for tile-making : the same 
previous preparation of the clay, and the same mode of working and tempering 
is necessary as explained in paragraphs 84 and 85, and the more effectually to 
render its state uniform and yielding so that in moulding it to the various forms 
required it may not crack, the pug-mill should be employed, (paragraph 54) 
from whence the clay should be removed to sheds under which the^moulding iS 
conducted. . . • 

57. Patterns in wood of the exact form of the riles to be made, should 
be given to the moulders, as well as forms on and in which they are to mould 
the riles, which will of course vary with the kind required, and should be of 
hard-seasoned wood of simplest construction, not liable to warp. These are the 
more necessary, and their use should be enforced to prevent a c6mmon practice 
of the natives of sticking on with strips oTclay to the edges of a flat or 
sole piece to form the raised sides, which can be ^broken off by fhe finger igid 
thumb when burnt, they should be made in ohe piece by the aid of a liould for 
the purpose, the edges being either turned up over a squwe edge, or worked 
into the sole, and thd upper edge trinuned mih. an iron tool The di^g should 
be entirdy in the shade in the hot weather, as from being thin, the tiles will 
warp if exposed lo riie ^un^ gmt care dn^d be oi^rved in laying them out 
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to dry, and i^hen set firm, so to arrange them on ed^e that the air may have 
access to all their surfaces. A fence should encircle the drying sheds to keep 
out dogs and stray cattle. 

*58. There is not a material in use in Bidia that requires more attention 
to improve it than the tile. The present almost univer^ kind, is light, porous, 
and absorbs water, is subject to be displaced by high wind or birds, and in the 
attempt to repair one of these Ifiscuit'^like tUes, a man in ascent and descent 
cracks 20 more. They are besides hardly weather-proof, and cannot, except in 
combination with that combustible and perishable material grass, reduce the 
interior of a building to a habitable temperature, whilst their diminutive size 
renders the use of a bamboo frame necessary, on which Ijp lay ’ them, wHich 
being perishable, rots, or is Worm-eaten and sinks, the roof then leaks, its timber 
decays, and the goods contained in the building are damaged. In addition to 
which, the expense and trouble of their renewal is constant«and great. These 
are surely reasons enough to show the necessity for the manu&cture of a better 
description of material. 

59. The natives bum their ordinary tiles ‘with other pottery-ware in open 
clamps, but the flare oven shown in (plate 2, figures 5, 6,) is the best i^apted 
for the kind of til(^ about to be described. The walls are feet thick' at the 
flues, and 14 inches at top, with a chimney hole 18 inches diameter in the centre 
of the vault. . These ovens are feet interior diameter^ and 10 feet high. The 
flues eight in number four feet high, and one .and a half feet wide. Bricks may 
with advantage be burnt in these ovens with tiles ; bricks are first laid in lines 
from the piers leaving the flues a, a, a, open to the centre and continued thus, up 
to the level of the tops of the flues, above that, they as well aa. tiles, are laid on 
edge about an inch apart in the way shown at paragraph 39, like basket-work, 
leaving the chihmey well clear aU the way. Two chains at the levels of b and 
c should encircle the oven to prevent its burqjting. The fuel is only supplied to 
thq flues, and ihe whole kept burning for three days, nor must it be opened till ' 
the oven ^ cool. 

60. The marble tiles, which used to cover the Temples of the Greeks and 
Romans, have been successfully imitated in day both in Ehrope and Aaierica, 
and arc the very best that con be applied to the covering of buildings in India. 
They consist .of fiat tiles }rith raised edges extending i(jrom t>atten to batten on 
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the rafters, *the joints being covered by others shaped like the half-frustum of 
a cone. For buildings where a moderate temperature is required, or which are 
intended to be inhabited, they should be placed over a layer of the common 
flat roofing tile with cemented edges, in a bed of fine concrete, 

2^ inches thick. For buildings intended as store-rooms, work-shops, stables 
and others of less pretension, they may be laid alone on the battens, the edges 
being cemented. (Plate 2, figures 7, 8,) show the mode of laying the tiles, 
(figure 9) is a plan of the flat tile 16 inches long, 12 inches wide at up^er 
and 10 inches at lower end, | inch thick, (figure 10,») a section of it. The raised 
edges arc one inch above the sole, and extend to within three inches of the 
upper edge, being^also f of an inch thick. The line of lap is one inch below the 
upper end of the raised edges, or 'four inches from upper end of sole, and at 
this spot the width across between the raised edges should be 10-jV inches. 
The semi-cylindrichl covering tile is shown at (figure 11), the body of which 
is 12 inches long and the neck three inches. At the junction of the neck with 
the body is a shoulder f of an inch deep, and a bevel from that point a to J, 
of f of an inch, this enables the round tiles to abut close to the soles of the 
underlying flat tiles at the lap, whilst a parallel bevel of the neck from c to <7, 
keeps that part close to the overlying ones. Thus a close fitting joint is formed 
throughout, the line of lap of the whole ranging in a straight line. (Figures 
12, 13,) show the transverse <fimensions of the semi-cylindrical tiles, the thick- 
ness being half an inch ; their form may be' varied to that shown at (figures 
14, 15.) The eaves may be finished by upright arris tiles plain or ornamented 
as shown at (figure 16) either cemented on to the cornice, or if made of wood, , 
fixed on to the ends of the rafters. A plain Tuscan cccniCe may likewise ter- 
minate the caves, the corona projecting well over, and under-cqt to throw off 
the rain from the timber; or they may terminate in a gutter, and fascia . of wood 
.saturated against rot, or tarred. “These constructions arc showp at either side 
of (figure 17, plate 2). 

6 1 . One hundred of each, flat and semi-cylindrical, are required to loO super- 
ficial feet of roofing, together with 10 larger adUpied to the ridge, their weight is— 

100 flat tiles, 650 lbs. 

lOQ aeii[u-cylind:dcal, 400 

10 ridge;’ !... 45 „ * ’ 
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Of the flat tites 18" x 12" X If* for the cooler kind of roof,, C7 will *be roqnircd 
to 100 superficial feet and their weight 1010 lbs. The concrete and cement 
for the same space will weigh about 2075 lbs. 

62. Thei'c are many varieties of tiles, one is shown at (plate 2, figure 18,) 
which is an imitation of the antique, the flat and semi-circular being formed 
in one. (Figure 10) is another variety, being a exm-ed tile, the joints covered 
with the same. (Figure 20) is a wavy or pantile, lying like the plates of chain- 
m^l. The fillet that bounds the concave sides is so formed as to hook well 
over the adjoining edges, nn which case only will the lap be secure, great care 
is necessary in the formation of this tile and fillet ; none are however to be 
compared to the first mentioned, either for security or durability. 

63. During the season of manufacture, it would be found advantageous 
to make a number of flat rectangular tiles for both paving and roofing, with 
reference of course to the probable demand, but in some Targe stations they 
are constantly required. The .sizes recommended are 12" X 12" x If" when 
burnt, which answer for both paving and roofing, but for the latter work, it 
will be found more economical in timber to make some 18"Xl2"xlf'' espe. 
cially where they are required for a sloping roof to be used as an under-layer 
to the tiles described in para. GO. 

The red color of tiles in a series of buildings is glaring and unpleasant 
to the eye, io relieve which, as well also as to improve still further the tempe- 
rature within, they may be colored after the roofing is complete, by coating 
them over with common bazar paint, sanding them whilst the paint is wot, or 
they may be slate-colored previous to burning by the following process — 

2 l^arts dry tile clay, 

4 Parts potter’s lead ore (galena), 

1 Part, oxide of manganese, 

each to be redjiccd separately to powder, and then mixed to the consistency of, 
cream, the tiles when dry t© be, washed over with thp aBove.* The lead ore 
will answer nearly as well alone, if the manganese is not procurable. 

Whenever tiles are to be glazed, the glaze being put on, thediles are put in 
a potter’s oven till the composition begins to run. One kind of glaze is mad^ 


••Communicated bj Mr. AiMo, F. B. S.*, 



39 


from, what are called lead ashes, being lead melted and stirred witji a ladle till 
it is reduced to ^shcs or dross, wliich is then sifted, and the refuse ground 
on a stone and re-sifted. This is' mixed with pounded calcined flints. A glaze 
of manganese is also sometimes employed, which gives a smoke-brown color. 
Iron filings produce black ; copper slag, green ; smalt, blue. The tile being 
wotted, the composition is laid on from a sieve. 

G4. Bricks have within the last few years been made with machines, and 
though much want of success was at first experienced from the difficulty of 
forcing the bricks out of the m{)ulds as they were formed, yet latterly Hunt’s 
and also Hall’s machines have been brought into tolerably successful operation; 
Hall’s machine at Roorkee makes 11,000 bricks a day, with the following 
establishment attached under an experienced Overseer : — 

1 Tindal. 

20 Bildars. 

4 Bullocks. 

The subject of brick making by machines was fully discussed at a Meeting 
of the Civil Engineers’ Institution in London, on 2r)th April and 2nd May 1843, 
and many arguments advanced both for and against. Those “ for” are, 1st. — 
The reduction of cost in moulding, if the first cost of the machine is not very 
heavy and hand or horse-power alone required. 2ndly. — The greater density 
and uniform quality of the bricks. The arguments “ against” arc, 1st. — That 
as the cost of moulding is only a . small proportion of the whole fnanufacture, 
the saving by machinery is small. 2ndly. — That bricks compressed by machines 
are very difiicult to dry, the outer surface dries and scales off sometimes before 
the evaporation from the centre is complete. 3rdly- — From their great density 
that mortar would not adhere so readily to them, and 4thly. — From their hard- 
ness and weight they would be difficult to cut. It may be inferred therefore, 
that not very much advantage is gained by tha actual mouldii|g by machines, 
if the processes for the preparation of the clay and the use of crushing-rollers 
and pug-mill be introduced, previous to the Aiotd^g. For tiles, coljunn, arch, 
and moulding.bricks, doubtless the machinery would be advantageous. 
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CHAPTER IV. 


ON THE CHOICE, PREPARATION, AND, APPLICATION CALCAREOUS 
MINERALS, FOR MORTARS AND CEMENTS, WITH NOTICE 
OF THE MANUFACTURE OF ARTIFICIAL STONE. 

G5. Calcareous Kjinerals are composed essentially of carbonic acid and 
lime, sucb are pure limestones, which dissolve either wholly or in part, in 
weak acids, "with more or less effervesence. Limestones are not always pure but 
are often combined with silica, alumina, magnesia, oxydes of iron and manga- 
nese, and bitumen^ the presence of one, two, or more of these substances forms 
the various kinds of limestones. 

Limestoiies arc generally arranged into four classes, of which the first is 
marble and* white chalk, the former never,, and the latter seldom used for 
mortar. Grey limestone is also of this class, containing not more than 4 per 
cent, of clay, and forming beds in the mountain limestone very hard and often 
containing coral and organic remains. These generally furnish common lime. 
The second class is the bituminous, of dark brown color, but calcining to a pure 
white, the blade marbles arc of this class. The third class is formed of mag- 
nesian limestoolB, its repository being the pev red sandstone of geologists imme- , 
diately above ^hc coal measures. The fourth and most valuable class are those 
stones couitaining a large pro]>ortidn of clay; such are grey chalk, the bed of 
which contains no flint, and is harder than the chalk above it. The blue lime- 
stone is the best, often of a dark dove color and duU aspect. It forms, beds in 
the transition add mountain limestone, and its geological ppsitipn is between 
the oolite and now red sandstone, its direction obliqt|c. 
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OP CALCAREOUS MINERALS. 

« 

66. Lime is divided^ into two classes, ‘‘common lime” and “hydraulic 
lime,” the former applicable only for dry situations and inferior work, the latter 
having the property of setting under water, is used in foundations, damp sitila- 
tions, terraces, floors and hydraulic architecture in general. Some limes 
are naturally hydraulic, and the mode of testing such properties will be pre- 
sently shown, others are made artificially so. 

Although the following tests are an approximate guide to the mode of 
investigation of th*e physical characters of the mui^eral substances ; experience 
by actual trial should, in most cases, be resorted to. 

67. That a mineral belongs to the calcareous class is easily %eterminable, 
by immersing a small fragment in dilate muriatic acid* or vinegar, the effect 
will be as stated before, or by trying to scratchdt with an iron point to which 
such mineral will yield. Natural hydraulic limestone may be partially known 
by application to the tongue, or by the smell when wetted, when the presence 
of clay will be detected^ Natural limestones often contain earthy or metallic 
oxides, which by calcination combine with the lime. Whence result modifica- 
tions in its properties. Thus it is known that lime will remain a fat lime so 
long as the foreign substances do not form a tenth of its weight ; but beyond 
that it becomes meagre, that is to say, it sw^ much less on slaking ; and, if 
amongst these foreign bodies, silex should predominate, the paste, with or 
without sand, will acquire the property of hardening in water. Having estab- 
lished these facts, the best test of its qualities is to” take small fragments of 
about 1*' or 1^' cube and put them into a baked earthen vessel pierced with 
holes exposing them to the heat of a common wood fire, in a stone or lime 
'kiln with wood fuel till properly c^dhed. The calcination will 4|>robjEirbly take 

from 15 to 20 hours, and in order to make sure of its proper calcination, sdb- 
ject a small portion to ^al by slaking* it and adding dilute tnuriatic acid, 
if burned enoUgh, it should dissolwe without effervescing. It diould then 

be carefully slaked by immersion for a few seconds in a linen b&g or 

> 

* Equal parts of acid and water. ** 
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basket in pure water* and kifeaded into a stiff clayey consistency, by means of 
a pestle and mortar of either stone or iron. Some hydraulic* cements will not 
slake till pounded previously to an impalpable powder, so that if the mineral 
be proved to be calcareous, and it slakes but imper^tly, it must be so treated. 
Thus prepared, it must be left to complete the development of all its parts, 
which will be known by its becoming quite cool, and this will take probably 
two, three or more hours. It must then be formed again to a stiff paste, adding 
a Httle water if required, and finally placed in a vessel similar to a China 
mustard pot, having as mtfch width as depth, filling it about |rds, then im- 
merse it in water, noting the time of immersion. The quality of the lime will 
be inferred from the promptness of induration. Or the experiment may be 
made as recommended by General Pasley, by reducing the specimen to powder 
when burnt, ifcen take 2 oz. of the powder and f oz. of water, mix with a knife, 
then knead it with the hand into a ball, which will take about 20 minutes. It 
will become warm, and if a goodf water cement, will harden as it heats, or if put 
into a basin will continue to harden. It should not be put into water till it 
has began to cool after attaining its greatest heat. 

68. Common lime will retain the same consistency for years after immer- 
sion. Hydraulic limes set after six or eight days, continue to harden, and ki six 
months will, be like soft stone, water will then not act on it. Eminently 
hydraulic limes will set from the second to fourth day after immersion, and in 
one month are very hard.f 

Magnesian limestones which make not good water cements^ may some- 
times be mistaken for fine-grained sandstone, but on dose inspe^on small 
rhomboid chrystals will'be found, which are compounds of carb. liihe and carb. 
magnesia. Tliftse stones will not readily effervesce in cold muriatic acid, but 

c 

* Various phenomena are exhibited by the immereioti. * It dtber hisses^ decrejutates, swells, gives out * 
vapours, and falls lo powder instantly, or repains Inaetive for five minutes, and then shows the above 
symptoms, or it may exhibit no idteration for a quarter of an hour, beffins to smoke and crack without 
decrepitation, and sometitnes the phenomena will not commence for an hour or many hours after immersion, 
f Scientific treatise on moiim and jcements, by M.Tieat. • ’ 

} A fine quality, of maguerian limestone was determined by the Commissioners for re-building the 
Houses of Parliament to be the very best for the purpose, being c^o^^grained an^ its particles remaining 
undisturbed after trial by immersion in water, whereas other stones after trial gave more or less 

sediment. • * 
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rapidly in Ult add; and after exposure to a red oalcining heat for 'some hours, 
will not readily combine with water. 

Naturally hydraulic limes are those included in the fourth class before 
mentioned, after calcinatimiall into a powder of a buff>colored tinge, as they 
contain a large proportioflir clay. 

69. Thus the fittest material for hydraulic purposes neither depends ondic 
hardness of the stone, the thickness of the stratum, the bed in which it is found, 
nor its containing some clay, but in the color of the powder after calcination 
and its containing much clay. Alumina alone has no power to render lime 
hydraulic, but silica is an essential ingredient in hydraulic' limes. The oxides 
of iron and man^nese have no influence on the^ hydraulic properties; hence 
the most part of the calcareous minerals used for such purposes, are compounds 
of carbonic lime and clay in various combinations, and the quality depends on 
the relative proportion of these two substances. The above tests alone can 
determine the quality lime ftirnished by any minerals. Limestone with ‘06 
of day produces a sen^ly or slightly hydraulic lime. 

Limestone with *15 to hydraulic lime. 

Ditto- *25 to ’30 Eminently hydraulic lime ( “ Vicat.”) 
.70. Careful analysis and experiments of late years hav6 settled the ques- 
tion that the presence of Argile (clay)’ in the stone is the cause of its possessing 
important quality of indurating under water, but whatever may be the 
soHli&ing principle, an artificial hydraulic lime may be made equal to any 
naturafl|L so, by mixing with common lime slaked, any mineral substance of 
which clams the predominant constituent {vide Art. cements ante) and cal- 
cining thelsxture, or by exposing the foreign substance to a suitable degree 
of heat, redudng it to powder and mixing with the slaked lime. A common 
method is by taking 60 parts of unslaked lime, anji 140 of uncalcined mineral,* 
but if the carbonate of lime should be at all mixed naturally n^th clay, then 
15 parts of clay will be sufficient. It is pngwr however to detehnine the pro- 
portions for different localities, os some prepared ceihents contain varying ports 
of the two substances; a quick setting oemept aborted to India called “Porker’s 
patent cement” contains 45 per cent, of day to 55 of carbopic lime, and so 
>» • .. • 

* If the liieo is sMced die pR>portioai should be llC^parts C'Pasle//') 
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different may be Ibe ch^cab properties of apparently similar mateilils, that the 
result however successful in one place should scarcely be trusted without due in- 
vestigation in another. The above facts may however serve as a guide, for the 
mixture of the ingredients. Particular care 8hould|||a paid to amalgamate the 
materials well, and to the degree of calcination befnHnted to the compound. 

CEMENTS. 

71. Cements are of two kinds, natural and artificial, either of which may 
be combined with common or slightly* hydraulic limes in the formation of good 
water cements, or may be used by themselves either as binding matter, or for 
plaster work. 

The natural cements are non-calcareous substances, of these the puzzolana 
or volcanic ashes, extends largely into the excellent cements of former times, 
tarras also, a blueish lava found^on the Rhine, and UBe^ggn the water buildings 
of HoUatid. In England a species of basalt, whose composition is siimlar to 
the tarras, is used for the same kind of work mixed with lime. The elements 
of these productions arc nearly as follows in 100 parts : 

Sthca, ... ... ... ...... to 60 parts. * 

Alumina ... 20 to 18 „ 

Iron, •.. ... ... ...... 20 to Id ,, 

Ijime,... ... ... ... ... d to 6 ,, 

Monsr. Sganzin gives the folhmng Analysis of Tarras and Puzzolana. 




Tama. 

Puzzolana. 

c 

SileXy ••• ' ••• ••• 


0*570 

0445 

Altuoma, 

••• 

1 0*160 

0*160 

4 Xillllffl ••• ••• ••• 

••• ••• 

0*026 

0K)87 

Magnesia, *0 ••• 

••• 

0*010 

0*049 

Oxide ^rflron,.. 

••• ••• 

0*050 

0*120 

Soda, m*s ••• ••• 

• •• mA 

0*010 

OKHO 

^i^^atcr, ••• ••• ••• 

••• 

0096 

0*092 




* 1 
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The olject to be aimed at in manttfacturiiig cements is to* replace the 
above volcanic productions by an artificial substance as nearly equal in quality, 
and at as small an expense as possible to form a good hydraulic moi'tar. 

72 . The clays appear to lend themselves with much facility in the trans- 
formation;* common potfjlb’s clay, in the composition of which the alumina is 
about Jrd the silex, with y^^dth of lime, furnishes an excellent artificial puz?o- 
lana- when properly calcined, which should be to a cherry-red color. When the 
clay contains more than carbonate of lime, it will form a better cement 
by only slight calcination, when none, it will beaij an active hcat.f Direct 
experiment should be resorted to in or^er to prove the degree of calcination 
to which each kind of clay should bg exposed, for this purpose three samples of 
it should bo submitted to such a temperature as will convert one into a pale-brick 
color, a second to a cherry-red, and the third into a hard-brick without vitrify- 
ing it. If a current of air be passed over the clay whilst calcining, it will be 
found that the mortar made of such will harden much sooner and be stronger. 
A mortar composed of equal parts of lime, sand, and the cement should then be 
prepared, and the three specimens placed under water, when the quickness of indu- 
ration will prove the quality. A comparative value of cements may be ascer- 
tained by observing which will harden mth most sand. The best manner of 
ascertaining whether a lime is hydraulic, is the following : take quicklime as it 
comes properly calcined from the kiln ; reduce it with water to a thick paste, 
and place enough of it on the bottom of a. tumbler to fill it for one-third or 
one-half of its height ; three or four hours after fill the tumbler with water and 
leave it at rest ; after two or three days touch the lime lightly with the finger, 
to ascertain whether it begins to harden : if it be very, hydraulic, it will have 
taken after eight or ten days, such a consistence, that no impression can be 
made on the lime by pressing strongly with the finger. We should assure our- 
, selves whether there has been, in fact,, no impression, by throwing off the water 
and washing the surfece of the lime, which will Jbe covered wit&*a thin layer 
of lime softened by the immediate contact of the water. If the above result be 

obtained only .at the end of twenty, thirty or forty days, the lime should be 
« 

* M. Vicat menliqps^besvies tbe yellow paammitea and some specics^of schists, 
t General Treussart on calodreoiis minerals. 

M 
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regarded as Wy feebly hydrvulic, arid if there be no consistence in the lime after 
the lapse of about forty days, it cannot be regarded as at all hydraulic.* 

The full power of a cement can only be known by joining half a dozen 
bricks together and projecting them perpendicularly from a wall supporting 
them till dry. At intervals of a few days add anotHfer brick till 20 project. It 
is a poor cement that will not bear that number in a fortnight.f 

73. Pulverized tiles or bricks, if the clay of which they are composed is as 
above, and free from sand, will answer the purpose, but as these materials are 
often indiscriminately usod^ the clay being impoverished by sand, or merely a 
stiff earth having been used in the manufacture, it is impossible that good hy- 
draulic mortar or cement can result. Sucl\ is generally the practice in the De- 
partment of Public Works* and the pulverized brick, or “ soorkce” as it is 
tenned, is not often fit for the purpose, and the mortar being used too without 
sand, the color is tinged red or yellow, according to that of' the bricks. These 
remarks however show the ncccsjsity of attention being paid to the quality of the 
soorkee, and as the brick kilns when unloaded present broken portions of vari- 
ous degrees of hardness, that kind can be selected which is most applicable to 
the mortar intended to be made. If the clay from its admixture with sand is 
not fit for cement) some bricks might be made of pure clay and burnt in the 
same kiln with those made for masonry purposes, and made into soorkee when 
the kilns arp opened. “ Mortars made from limes mixed with ordinary brick- 
“ clay and subjected to experiments sustained only 44 lbs. before breaking after 
“ 28 days’ induration under water j whereas mortars made from hydraulic limes 
“ composed of purer clays carefully sought for, bore from 110 to 190 lbs. after 
“ induration from 16 to, 20 days,” suchare the facts recorded, by Col. Totten, of 
the American Engineers, at page 37 of his work on mortars, he also states at 
page 66, that limes mixed with good brick-dust, but slightly burnt and allowed 
“ to indurate for 11 days bore 330 lbs., whereas the same limes mixed with the, 
“ same kind dust from bri<^ more highly burnt, bore ohly 180 lbs., and that 
“ results in the same proportion were obtained from the dust of tiles slightly 
and well burnt.” This shows how impmiant it is not to use soorkee or brick- 


* TreuBsart on Mortars, p» 16 , 
r General Vadej on Cements,, 
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dust at hazard, and that no so-styled hyd^pilic mortars should be used without 
subjecting the ingredient as well as the composition to careful experiment.* 

By means of a very simple chemical process, it may be ascertained before 
hand whether bricks but little or highly bunied, should be taken. Take a little 
of the crude clay, or a little of the brick-dust, put it in a glass and pour over it 
a little diluted nitric or muriatic acid, or even strong vinegar j should there be 
no eflfervescence; it is rroofthat the clay should be highly calcined to give 
good cement. Should there be considerable effervescence, it is because the clay 
contains a notable quantity of carbonate of lime. To determine nearly the 
quantity of lime, a little of the clay, having been dned by a gentle heat, must 
be weighed ; it must then be dUfused through a snvall quantity of water, and 
muriatic acid be poured on little by little, as long as there is any effervescence; 
it should then be filtered or gently decanted, the residue washed in a large 
quantity of water* and again decanted. This residue being then dried by the 
same gentle heat as at first, must be again weighed; if. the weight be less by 
one-tenth than at first, it is a proof that the clay contained that quantity (about) 
of carbonate of lime, which has been dissolved by the acid. In this case bricks 
but lightly burned must be t .Kcn; and so much the less burned as the loss of 
the clay, by the acid, shall have been the greater. If the clay lose only four or 
five per cent, of its weight, the bricks, which arc called “ wdl-bumed bricks,” 
should be preferred. In addition to the chemical trial just ascribed, it will 
always be proper to make the. trial first explained, that being the most 
certain. 

74. The follo^g is taken from the results of a number of experiments 
carried on by Genem Pasley at Chatham, for the purj^ose of ascertaining the 
best mode of preparing artificial cemcnt.t Ist. White chalk of the Geologists 
which is pure carbonic lime, is found mixed with flint ; the flint is to be separated 
, and the chalk ground to an impalpable powder, t>r to a paste by aid of water. 
The impure o halk from tlic surface of the ground must not be use^. . 

* The oxperimentB were made on quodran^ar pieces of mortar moulded 8^ long and 3^ soantlmg, 
supported at the endSy whilst to the middle was suspended a collar and scale for the weights. 

t The diiTerence between Water Cements" and ** Hydraulic Limes," must be here stated, thd former 
being calcined stone r8duced*to powder Ihixed with raw clay, and thenwe*kilned, and the latter being lime 
and clay separately calcined aqfl mixed afterwards. ‘ - * 
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.2nd. 'J'he blue alluvial ^clay Q^||akes or rivers which must be quite free 
from sand, the brown surface being rejected, and care taken jiot to allow it to 
get stale by exposure which robs it of its blue color and good properties.* 
Where blue clay cannot be had, fine pit clay may be used. The proportions of 
the ingredients are 100 lbs. pure dry chalk to 137^ lbs. fresh blue clay, being 
equal to 4 parts of chalk to 5'5 of clay by weight, which is nearly equivalent to 
1 cubic foot of chalk paste with 1^ of fresh alluvial clay, the consistency obtain- 
ed by mixing 1 lb. chalk powder with 7 J cubic inches of water, so that there 
will be 96 lbs. of dry chalk to every cubic foot of water. If the under strata of 
grey chalk or pit clay be used, other proportions will be necessary and expe- 
riment must determine them. 

r 

If limestone is used instead of chalk, 40 lbs. of lime fresh from the kiln as 
quicklime must be added to 100 lbs. of clay.f 

The chalk must be ground (using a little water as it will not grind in its 
natural state) in any mill fit for the purpose, the one used by General Pasley, 
being an kon vessel in which two iron wheels 4^ feet diameter worked, placed 
at unequal distances from the centre, one near the outside and the opposite one 
nearer the pivot, like the soorkee mill, plate 2, figures 3-4. 

After being ground the superfluous water must be drained off, and the 
paste brought to a proper consistency. It must then be mixed with the clay 
by means of two little measures which must be as 1 to 1^. Let the contents of 
these be thrown into a pug-mill, such as is shown in (plate 2, figures 1-2) and 
described in para. 54, which is of larger dimensions however than is here neces- 
sary, being for mixing mortar. 

The ingredients of the first mill-full should be paasIK through twice, and 
then fresh chalk and day paste, gradually added in the above proportions. 

The raw c«ment must then be made into balls of 2^ inches diameter and 
allowed to dry so as not to stick together, exposure for 48 hours under cover 

from rain .wUl do. 

• • 

c 

* The addition of not less than -^^th of the whole compound hj measure of pounded charcoal or other 
combustible matter, such as resin or saw-dust, will restore the virtue of the claj, to be added to the raw 
mixture, if it should have got stale. 

t Let the lime be weighed in portions of 99 lbs. and mixed with sudlcient water to make lumps of 
daked lime paste, 24 hours after mix each lump with 1 cubic foot <5f da/, incorpcKfatO in the pug-mill, and 
nuke itfto balls to those of elulk compound. ^ 
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The kilns for burning the cement mftjfi^be inv«i;ed conieal, fhfbtuni'Shaped 
lime kilns, in size varying according to circumstances. For experiments, such 
a one as shown in (plate 3, figures 1-2) (Pasley’s) made of sheet-iron may be 
used, the height of fuel and layers of cement are Shown. The fire is first assist- 
ed by a bellows, handle A is to keep the door shut, which is bung on by a hook 
and can be taken off at pleasure. The bottom of the kiln is laid with shayings, 
and then coal and cement balls laid on in alternate layers, three days after light- 
ing, the calcined cement may be drawn, and more raw material supplied at top. 

The kiln should be drawn once in 24 hours. • 

The cement must afterwards be ground in a null. 


SAND. 

75. Sand us4d in making mortar should be sharp, ». e., angular, and quite 
freed from 'all earthy matter, retaining nothing J)ut pure dilicious particles. Pit- 
sand is generally superior to river-sand for works of great strength on account of 
its being more porous and sharp, the angles of the latter being sometimes worn by 
attrition; river-sand being generally finer may be used for plastering interiors. 

pit-sand should bo cleansed till it leaves no stain on* the fingers when 
, rubbed between them. 

With regard to the action of lime on sand, there is no diemicsl combina- 
tii|||between the two, the union is mechanical, the lime entering the pores of 
th^and, and, connecting the particles in the same way as those of granular 
stones, are connected by natural cements, sand serves the important purpose of 
caudng uniform shrinking in a mass of brick-work, and .is conducive to solidity 
and economy from its superior strength. The intimate uuxture of the sand with 
the is an important consideration, which idiould be effected with but a mode- ^ 
•rate quantity of water, the propdrticnsof sand however with the different kinds of 
lime form the subject*of«chief consideration, aqd an sand is the cheaper*article<of 
the two, there may be a temptation to excess on this side on the part of native 
agents aqd ntasena, it become therefigre a matt^ of moment tlmt the admixture 
of ingredients be well looked to by the En^neer anxious to secure effdent work. 

Monsr. Girai 5 d.de,Caudemberg, Engineer of Koads and Bridge in France, 
pubHshed in.l827; an account of a certain sand which he caOs *ar^n^* ifrhich 

N 
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poissessefd property of formiiig a paste capable of assisting in a gr^t degree 
to harden hydraulic mortar under water. It varied in calor from reddish- 
brown to yellowish-red and ochreish-yellow; thus proving, as was also ascer- 
tained by analysis, that the sand was mixed with clay in certain proportions, 
and in eight kinds he found that the proportions- of clay varied frmn 10 to 70 
per cent., some were calcareous, but more frequently silicious or mixed. They 
were generally found on hillocks forming the basins of rivers and brooks, and 
rarely in vallics. In the absence of hydraulic lime, Mr. Girard formed concrete 
with a composition of common lime pebbles and ar4ne, that, a year afterwards 
required the aid of stout piek-axes to break it up. These ar4nes resemble in the 
description, substances in India, particularly in the Gwalior, Malwa, Saugor and 
Bunddkund districts, superimposed on massed of large argillacious tufa, and 
doubtless varieties exist in many other localities, and would be extremely useful 
to combine with common limes. 

r 

MORTAR. 

76. The experience of Smeaton has confirmed what was an ancient 
practice, and which should not be lost sight of, viz., to beat mortar lor 
a long time with a heavy pestle just before using, not only more tho- 
roughly to .incorporate the ingredients, but to dispose them more rapidly to 
consolidate. 

The best proportions for the ingredients of mortar can be ascertained only 
by experiment, varying of course with the qualities of t^e limes. Regarding 
the lime as simply a i cement binding the particles of sand or soorkee, (in- 
different puzKokno,) the proper proportions will appear to be those in which 
the Hme is sufficient to fill up the voids between the particles, this quantity 
may be ascertained hy filling a measure, firA with m-nd or soorkee and then 
pouring in as'much water as wUl ^ up iufilhstices, ly means the bulk of 
lime will be known. The quantity of water should be measured previously to 
ascertain what projkirtioin is expended, ^rom a numb^ of eKperixqents the 
propartions wit|i comm^ lime, appear to he fxpm 2 to paorts of sand to 1 
of lime by measure, wifh suffident wat^ to fbrm a ductile paaite ; for a superior 
mortar 1 part>af lime, 1^- to 2 of sand, and i to-1 of iuri^cial pdzzolana or pure 
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dJd&ed day, befo^ treated of.* Mortar^^for hydraulic purposes is stated by 
Smeaton to be beat when equal parts of libie, sand, said puzsolana,f are used^ 
Hr. Vioat is of the same opinion ai regards the sightly hydraulic and hydrau* 
lie limes.^ 

Powdered forge scales, such as fall from the anvil at a smith's forge form 
an admirable ingredient in hydraulic mortars^ and may be used in lieu of, and 
in the same proportion as the puzzolanar with hydraulic limes. No architects 
or engineers of the present day entirdy dispense with sand, usmg it nearly in 
the proportion aboye>mentioned, but puzzplana should not be added in excess 
when4he ingredients of mortar are lime and sand only, so that whatever pro- 
portion of sand is^own to make good mortar with common lime, the quantity 
of puzzolana to render it fit for h^^draulic purposes must be deducted from the 
said proportiem of sand. It should be borne in mind that the best mortars for 
withstanding the ^^cissitudes of the weather, and of acquiring great hardness, 
are those composed of pure quartzose or granitic sands and of the hydraulic or 
powerfully hydraulic limes. It is certain that the poorer limes (such as dissolve 
in water to the last grain and whose volume is doubled by slaking,) and thdr 
admixtures ought for ever to be prohibited finm 'Works of any importance.§ 
In India, chalk is not to be procured in abundance, and thenat would be neces- 
sary to wiiv fitt lime with day, and to give a second burning for the mixtures, 
wiich will cause ^barrassment^ and on augmentation of expense; in such cases, 
th^ will generally be economy in making hydraulic mortar at once of fzt liipe, 
sand, and artificial pnzzohum, and beside, the relation of the resistance of these 
two kin^ of mortar, is no unimportant consideration. If we comparo the 
results obtained from experience, we shall see that the iqortars made of sand a^d 

' ' ' ' ' . ' 

^ V ' 

* Gonerai Padey remarb that tilie parta should be b j atriekeu meaau^ for the aaad, and that* the' lime 
be measuxed toiumpa aa it eom^a fiom the kilu withoiit dekiaig or breakhiig. Smeatem meaaured bia ungre* 
dienta d$ 7 , tli0 lime being id powder^ throam into the meatur^ not nresaed down, but at^pkeiu 

t As the word ^ oement*' is applied to a separate compound of lime and clay in this treadaoi as well as 
to puzzolana natural and artidcial, tbe tenh ^ puUzokna** (balbiiied olay or soorkee) will be uaed for the 
fbture in speddng df the hi|predient fSw the^lbnnsjfion or imj^Oment of lime dxr bydituiBo purpb^* 

X When ezpe^ ia no Objects the ^result of ^eatmfa euporience on the Eddysfeme*'^ may be assumed 
as the beat Ibr hydrm^ mter, eiz., that Ume mtd pdazbiuna alone in equah quantities made the 
strongest, it is howeTe^yS^ eloijjr in hardening* 

§ M. Ileat treul^ on uSkaihi and cdttmti/' 



hydraulic lime, whether natural ot artificial, afford an average teeiatahee hardly 
amounting tp 2201bs., while it is 3521b8., for the mortars made of fitt lime, sand 
and both natural and artificial trass. To compare the esqprase justly therefore, 
it would be necessary to lessen the proportion of trass, substituling sand, until 
wnmrrived at an equal resistanoe; where there are good natuml hydraulic Hmes, 
they should be used in preference to fat lime, which requires always to be 
mixe d with natural or artificial trass, for. constru^ons fn ^ter or in damp 
places. When, however, works demanding great care, are to be. made, it wiU 
he proper to add to the mo^ar a little natural or artificial trass. The propor- 
tion to be added depends on the quality of the hydraulic lime and of thej^trass, 
if both are of good quality, and if it be knoyn, for example, that the lime will 
bear two and a half parts of sand, and half * a part of fictitious trass. This 
small quantity of trass will not much augment the expense, and will always 
correct the bad effects resulting from portions of .the lime hamg been too much 
burned, or impaired by exposure to the air. * < ■ 

I 77. . The bad qualities of the ordinary limes may be in some degree 
\ corrected by the addition of a small quantity of coarsest sugar (goor) : this 
I is not an uncommon practice in India. Its aid is chi^y confined to the 
j hardening the outer surface of the last coat of plaster, wUch is effected by 
I employing a strong solntion, and rubbisg well with wooden floats for a long 
time. There need not be more than about a pound weight to every 10 galloBB 
in mixing the stucco. Artificial cements, such as ore desciibed as manure- 
tured by Genered Pasley, (para. 73,) appear to be stroagest when used pure, 
whether as mortar or stucco, but as few situations wiU warrant sucli expense, 
sand may he used without much deterioration of the adhesive quslitieB. Exjpe- 
riment here also being the best guide. Mortars, whether compois^ of lime and 
sand, or lime aiM soorkee, often exhibit a mottled aiqteturaaoe on first drying, 
which proceeds partly from thb injuriotia efeats of alternate ifloisture and dry- , 
ness. The phenomenon coni^sts of a distinct exhibirioif of the coin^ of 
masonry through the plaster, indicating at one tune an excess, of humidit]^ in 
the spaces, and at another, time in the joints, decay in planing cd! a shfiilar 
kind, especially near the base of a budding, piay bd observed. 

78. *1116 ^eot of dry spaces and mdst joinj^ the 'spongy 

nature of the bricks, which .nnlessweUsatmted^ wh^ fiK^ befbre.nring, and 
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the tiwe, cause the plaster ta .port loore speedily with itsunoisture in 
those parts over ^them. After the same plaster has dried, if the sitoatiou 
be damp, the .appearance will bo reversed, if the l»i<da are ill'bumt; in 
this case they suck up more moisture from the earth than the plaster, 'and 
exhcding it during hot weather exhibit ^amp spaces, the joints rexnaining 
dry. Plaster, covering walls of brick cemented with day, will always exhi* 
bit dry spaces and wet joints for a long time after rain, as the cemenlung 
matter will imbibe the moisture more rapidly than the bricks, such works 
BO plastered are subject to early decay, and independent of the nun of the 
plaster and expense attendant thereon, the unsightly appearance should be a 
stimulus to the pqsvention of the evil, by the proper preparation of both bricks 
and mortar. 

79. It may be as well to treat here of tlie proper mode of plastering a 
brick surface, as the subject is so intimately connected with the ingredients 
employed; for this purpose the sand should be more particularly cleansed firom 
all impurities. 

The w^ should previously be well wetted, and dry joints scraped out, the 
first coat is then laid on, consisting of about one part of lime, two of sand and a 
proportion of bullock’s long hair, or cotton rdFiise, freed &om, all greasy matter 
or saline partides, laid on about fib of an inch thick and allowed to dry 
nearly before tbe second is laid on. The first coat is scratched diagonally all 
over and crossed, these scratdiings should be deq>, and with rough edges, in a 
kind of dove*tail shape, to form a key for the second coat to adhere to, this is of 
the same component parts as the first, only with; much less hair or cotton, laid 
on with a floating trowel and of the same thickness as the first, brought to a 
level surface with rules or straight edges. The third coat is laid on most care- 
fully and composed of the finest lime, the proportion of lime and sand (without 
hmr) being such as will form a putty when Well macerated, this will vary from 
* 1 of lime to 2 and 2i of the finest and whitest sand, to equal 'parts of each. 
The lime slaked by immersion, (see mode (^‘slaking, para. 87,) and the putty 
protected frmn the air till wanted. A stuebo* such as is below mentioned, may 
be used for very find work as a third* coat. Particular care should be taken to 
have aU the ingredieiiits w?ll b^teh together and mixed in this ^liannor demribed 
for making mortar. ' * 



54 


Good mter cement mixed with coarse sand is far more suitable stucco 
than even the best limes.* 

Cement stucco should always be completed in one coat, as the first will set 
too rapidly for a second to be laid on so as to adhere. A very excellent stucco 
may be made similar to that used i^ England, by a mixture of 14 lbs. of the 
b^t stone lime, 56 of coarse, and 42 of fine sand (both washed) and 14 lbs. of 
calcined bones reduced to ashes. For a fine texture the coarse sand is to be 
omitted, and 98 lbs. of fine sand used, with 15 of lime and 14 of bone ashes. 

The lime should be slaked by immer^on, i. e. the quicklime plunged into 
water for a few seconds, and withdrawn before it commences to slake; it hisses, 
splits with noise and falls to powder, and may be kept for some time. 

80. For the protection of stuccoes and plasters from the effects of the 
weather, in buildings of importance, the following compositions are useful, laid 
on with a brush, the surfaces being perfectly dry before the«application; three 
parts of oil heated with j^th part of its weight of litharge (moorda sung) and 
one part .of wax; or one part of linseed oil, with of its weight of litharge 
and from two to three parts resin. A single coat is sufficient. ^ Premature 
decay often takes place in plasters and stuccoes, against which, an exposure of 
the causes may l^ad to a precaution. The primary cause is the presence of 
earth and decayed vegetable matter in the sand used, to this may be added* im* 
purities of argillaceous matter in the lime, and an improper mixture and pro- 
portion of lime and sand. ' Mobture is the exciting cause, but failure would not 
1)6 so frequently exhibited, if the corona of cornices and copings were not impro^ 
perly made with horizontal under surfaces, which do not permit the rain water 


* The celebrated ]Madra8 chunani is a stucco laid on in three coats, the a common mixture of 
shell lime and sand, tempered with jaggery water** (sugar solution) and nbont inch thick. The second 

of sifted lime and fine white sand also sifted, this coat as well as the thirds is applied without jaggei^ water, 
only on account of jts color. The last coat is prejmred 6f iime fVom only Ihe purest and whitest shells, * 
andtnono but^sand*of the whitest kind, and of that but a proportion of about jftli. The ingredients of the 
tbii^ coat are ground with a Roller on a granite bed to a paste of the constit^iijr of cream. To every busliel 
of this paste is mixed, the whites of ten or a dozen eggs, half a pound of (;1tee, > ; quart of fresh eiirdsv and 
a quarter of a pound of (sbiq>«st(me) ** balapoong,** Theiast coat ts,laid pn exceedingly thb before 
the second is dry ; it ^ies quickly and is rubbed afterwards with a pi^e of soap-stone or agate to produce 
a pptisbf an operation, which is conthmed A>r some hOttri, after whjph it b neeassaiy |0 wipe it with a cloth 
from tiate {o timoi tofuinoVe the oxhdatlou which c<»i^ues ftr a ^ or twg sW comfiletioiu . 
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to drop dear pf tba ivall. Heat win tluu <^b the vegetatiMe impuridea 
into action, and a ^reen deposit is the conaeqaence. 

A sweating of plaster work may often be observed, this is an efflorescence 
of substances which do not enter into combination with lime, such as grehse, 
whidi should be avoided; aluminons matter is sufficient in the preparation of 
particular stuccoes vnthout the addition of ghee, &c., though buliodc’s blood 
has been used with good effect in compositions of the kind. ^ 

With reference to the properties of cezpent as bdbre stated, effectivo and 
pleasing cornices and moulding may, under sonm circumstances, be formed 
of naked brick, which set in cement with judidous management, would add to 
the appearance as^wdl as the durability of brick>work without the aid of the 
plasterer. 

81. From what has been already said, the good qualities of mortar depend 
on the kind of liine^ the hardness,' roughness, and porosity of the sand, and the 
care in mixing the ingredients properly and sufficiently. . The proper prepara* 
tion of mortar for any purpose, consists in — 

1st . — The selection of the material. 

— The modes of calcining, being the form of kiln, degree of heat 
to be applied, and nature of fuel 

Srdfy.-^Tbe slaMng and proper nuxiug of ingredients. 

Mention has already been made of the means of selecting the calcareous 
substance, and of tbeir classification for common or hydraulic purposes. We 
will therefime proceed to the second article. 

82. Calcining.-^Xh.Q limestone should be reduced as small as is consis- 
tent with due economy, the hardest kind to about 8^ diameter and the 
softer in proportion. 

Where practicable, it is advantageoim to construct the kilns as near riie 
place whence the raw material is dpg as possible. Us it bums better when retain- 
ing its natural moistw^, otherwise its ceddnarion will be much hpproved espe- 
riftlly in dry het weather, by sprinkling it wdl inth water before loading the 
kiln, and by thy addition of water fi1)m time to time (m the fiiggots at the eye 
of the ifiln. It may be iff also th mmtion that it is advantageous to use 
IjwiA as soon si;fier it is bnmnt as. p<»sible. Fore Umestohes *(e(mitaining no 
clay) may be Jko a widte heat without- inoonvemenoe. Hydraulic or 
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coibpound limfiBtone reqniri^ certain precautions, and should not be carried 
beyond a red heat, it triU, if overbumt, present a heavy: dark color, shdces irith 
difficulty, or not at all. , ^ 

. Mt is very easy to judge if the stone be prcperly calcined, by taking from 
the centre of each of a few samples a piece as big as a pea, drop each separately 
into weak muriatic acid, and if no effervescence takes place, the burning is com- 
plete. Yarious are the forms of kilns, as the minerals ihemsrives^ those only 
that bear the concurring testimony of the most eaqperienced practitioners, are 
such as shall be treated of and may be considered standard example. First 

however let the young Engineer be warned against 



the egg-shaped Section shown in the margin, as 
•owing to the sudden contraction of the mouth, the 
flame rises with force by the circumference whUst 
the inner portion remains badly <bumt. The capa- 
city as well as the form of a Uln contributes to the 
projper calcination of the material. (Figures 3, 4, 
plate 3,) are those which have flimished the best 
results. Ko. 3 being that wherein wood and such like 
fuel is consumed, and No. 4, where Coal is specially 
used. Coal, charcoal and oplah, &c., injaltemate layers H hereafter explained, 
may also be* used in No. 3, but wood never in No. 4. The interior of a kiln 
should be constructed of the hardest bricks, or other material unalterable by 
heat, and cemented through a thickness of 12 inches, with a mixture of sand 
nuxed with refractory clay. The dimensions twe given in the plates, . 

83. The kiln shewn at plate 3, (flgures .6, 7, 6,) called a flare mr denne 
kiln, is used by the most extensive lime-burners in Dorking, and is siinilar to all 
tixose used in the vicinity of Tiondon, only they are some times placed in pairs 
or three or four together; this arrangement, expioitiag.aims surfoce of wall ^ 
to the cold ah^* slightly diminiriies the expenditure of friel$ hut it is probably 
adopted more with a view of savinj^ labow than fuel, ha the fire-man has all the 
hres under Ms immediate control. The iotezior of.the Idln is of a rircular, 
bottle-shape, the diameter, at the bottom bring 10 leet fll&chee, the wall is carried 
up plumb to a height of 7 feet, at irhiclb point the dosne is commenced, which 
riose^in thel^.leating Wy an opening it the 4 uudies diameter 
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and 2 feet ae a ehimney, the total height frogi the hearth to the top of the 
chimney being 19.feet 6 inches. The thickness of the brick'WOrk to a height 
of 11 feet, is 14 inches, 'vrhich is the level of the top of a surrounding wall of 
rttbHe work; from this height to the the thickness is 9 indies, including the 
lining of fire‘brick. The surrounding of rubble is of a horse-shoe form; 
the circular part 20 feet diameter, and the depth from front to back 19 feet, it 
is about 18 inches thick, batters about 6 inches, and' the space between it and 
the brick-work of the kiln is filled in with rubbish. At the back of the kiln 
and 8 feet 6 inches above the grate bars, a doorw 9 .y is made 6 feet 6 inches 
high, and 4 feet 8 inches wide, arched over with a single brick-arch, through 
which the kiln is filled. On the opposite side to this opening are two furnace 
doors, the grates 1 feet 6 inches Wide, extending the back of the kiln. The 
furnace mouths are funnel-shaped, and are 3 feet 6 inches high above the grates 
in the inside, this* construction making it convenient for turning the rough 
arches of the limestone when filling the kiln. ^ shed isr built on tins side to 
protect the workmen and the fuel itom the weather. In charging <he kiln, 
brushwood is laid over the grates, with a stratum of cofds upon it, to form the 
fire. Large lumps of limestone are then brought in at the doorway, and a 
rough arch about 3 .feet high and 2 feet wide, so firmly built over each grate, 
that the superincumi^t weight of stone may not -crush them; the lumps are 
generally- trimmed to shape that they may bed properly, upon thesq arches the 
general mass of stone to be burnt is then thrown, 'care being taken to keep the 
largest lumps at the bottom, and where the greatest heat will be, and gradually 
to diminish the size towards the top where the smallost pieces are placed. The 
top of rile charge is about on a level with the surrounding rubble wall. Some 
care is taken to leave the interstices between the lun^ of stone as largess pos- 
sible, by placing the angles in contact: ‘the ol^ecb'of this is ^ facilitate the 
calcination of the large lumps, for*if.riie rinatltf pieces were mixed with the 
larger they would be* overbumt before the nearly calcined’; therek is 

a greater drought also when the spaces betwU^ the stones are greater, and this 
likewise, amstoto bum the large lun^ia as gtd<^y as the small. .’When compact 
limestone is to be bumt^’ it should be broken into pieces not exceeiiing a fist in 
eito. Chalk, lum^mjiy be nunh larger. ’ If the stones are broken into too 
small pkc^ the spam between them will hot give feee enoigh tpessege ri> the 
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g d^me. The stoiie thrown into the tiln should not 'Up too dry, its 

state m just taken from the quarry is the best ; if it has lost much of its natural 
moisture from lying by, water should be sprinkled over it with a rose. The 
reason of moisture being useful is, that the vapour from it facilitates the disen- 
gagement of the carbonic add gas,. by reason of its great affinity for water; the 
stones however must not be wet, only moist. 

In commencing the operation of burning, the fire must be slowly lighted, 
and the heat of the kiln very gradually raised, from 16 to 20 hours bdng 
suffered to elapse before th^ whole intensity of the fud and draught is allowed 
to be felt. To keep the fire down, as little air as possible must be allowed to 
{»ss through the grate bars; and if there qre no shutters or dampers to the 
ash-pits, lumps of stone ma,y%e built up before them, to be gradually removed 
as greater draught is required. The effect of raising the heat too suddenly 
would be to destroy the rough arches over the grates, when the mass above 
them would fall and smother the. fire; also the lumps of stone would splinter, 
and the splinters filling the air spaces between them would destroy the draught. 
This attention to the gentle increase of the heat is more especially necessary in 
a new kiln, when the sudden heat would burst the green work; hooping the 
kiln with iron, to prevent this kind of danger, is therefore^ be practised. 

84. For burning with wood, in the kiln for tha^urpose (figure 3,) a 
temporary is first formed of large pieces (slightly-trimmed for the purpose) 
of the material composing the charge,* having interstices to admit the pastoge of 
the flame, that the necessary d^ree of heat may be carried to the surface of all 
the material. The larger pieces of stone are placed near the bottom and centre 
of the kiln, and the others equally distributed according to their size, the small- 
est beiflj^ at the summit. Care should be taken to leave interstices as great as 
possible througtiout, by placing the ahgular parts in contact. The olgect of 
this arrangement has ^en before cxpJaineilJ. 'VrA slow fire is first kindled with , 

‘ Should the oatnie of the materiaf not riOmit of U» heating Ae p^ttre to ^hkh a liogle vault is 
subjected, two may be formed, by a {»« in the middle; and dtoidd this be ihsuffieient, the first of 

the intrados of the vault mdy be^efaSpiMied of ineQpnbuslJl}|b etonel or Mfimetory briidk, leaving the opt^ngs 
es. diTeoted, iu which case the arch may bo below. , For UmwtbfMi . wd kw^, the piecee to Ibrm the 
vault, mf be about K) " X S " X S ** tor harder kiito eomtorhto tom* Jt the kiln cannot be conveniently 
l<MaedfrWthe top,enopeiiiiigmay t>einadelnthe ^ltooto.tbOWmWf<»kthBtplirpoiei whkh must be 

closed Antogthe-inui^ng. 



shavings under the doin|e, 'which is gradually increased as the dfbught gains 
force, keeping the^ntensity subdued for about 12 hours or perhaps more, accord* 
ing to the sizes of the kiln, the fire is fed so as to produce the greatest quantity 
of smoky vapour, that the mass may acquire accession of temperature before the 
full flare is applied. When that is accomplished, adjust the aperture at the eye 
of the kiln and keep it constantly supplied with fuel. The air necessary for 
combustion can be supplied through an aperture in the door, or in the hearth. 
Where there is no door, after 'each addition to the fire, the mouth must be 
partially closed with clay or bricia to increase the diaugbt. But a small quan- 
tity of fuel will bo consumed the flrst day, but nearly flve times the quantity 
on the second, tber temperature must then be preserved equally, by gradually 
reducing the combustible on the third, fourth and fifth days, when the kiln is 
allowed to cool 24 hours before the lime is drawn.* Practice enly can determine 
the proper time fof calcination which varies with circumstances, the wood being 
more or less green, the direction of the wind, nature of the limestone, &c. 

In burning with wood it may happen that lumps remain unbumt,* in such 
case it will bu advisable to keep up tlie calcination longer, and have a less 
intense heat. The mass wUl generally settle to about ^th of the whole and the 
flami; appear of a white color, when the stone is su'fficiently burnt ; a good test 
lias however been bciwe mentioned. • 

If required to be kept far any length of time, the kiln should bf allowed to 
cool, close shut, top and all, as the lime becomes more compact and less liable 
lo slake by exposure to the atmosphere. If to be reserved and transported to 
long distances, it should be put into air-tight casks. In flame kilns, such as 
described for burning with wood, ilj of fSrom 17 to 20 feet high, it is very diffi- 
cult so to regulate the calcination of the upper parts that the lower Btrai^;abiaU 
not be overbumt, this is not of much consequence with the poorer lines, but 
. involves considerable loss in the case of the fiine hydraulic. 

85. Kihs 0r* burning u^h Cod, Charcod, ^c. should, *if phuiticahle, 
be buUt against a natural bamk or rise to ffidlitate access to the upper parts, 
otherwise steps must be formed. ^ shed should* Hkewise be erected dose 
at hand for breaking up the raw material, to keep up a oonstant supply in 

• jn yaw nf frpin«8io to asft ftnbki feet the fi«e will Urt ftoi ICC telteitliin. * * 
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the kiln, wbiteli is not the eas^ with the former ones, a besides is req^nired 
in constant attendance day and night as long ns a supply is required, as peglect 
will subject the charge to speal and much dil^ulty will be experienced in 
Te<landling. Argillaceous limestones when burnt with charcoal in contact do 
not. yield so good a hydraulic lime as when burnt with coal, and coal in its turn 
does not produce sq good a result as the blaze of wood and such like fuel.* In 
coal kilns by slow heat, the stone and coal are mixed, and this m^hod may be 
considered as slightly precarious, requiring cantiotls investigation and habit. 
A kiln may work well for ip^eks t(^ether, and then without apparmt cause get 
out of order. A mere change in the intensity of wind, too great inequality in 
the fragments, and such like chances, may qpcasion irregular movements in the 
descent of the material and ilregular calcination will follow. The kiln shown 
in figures 4, 5, is an approved shape for the combustion of coal as fhel. On 
the top of the hollow cylinder are laid wrought iron bars 1^ square and 1" 
apart which rest on the stouter l^rs across the openings d d, and project about 

feet or into the circular opening Ay to enable one or more to be removed 
when the charge is being drawn. The space JBflikewise admits air to the com- 
bustible; A the circular space into which the lime falls when drawn, to wliich 
it is dlrecfod by a/;ore constructed for that purpose within B. If too much 
draught is caused by both openings d d, either may be ddied and the core filled 
up so as to direct the fall of the charge to the other, as shewn by the dotted 
line. (7, C, are entrances to the circular space. A fire of shavings and small 
coal is first lighted on the bars, and when alight, the limestone is laid on it about 
9" or 10^ deep, after a little time more coal, and if it bum w^, complete the 
charge by alternate layers of coal and stone, generally in the proportipn of from 
8" stone (according to the hardness) to If coal>. The ooal should 

be very small, And with soft material, mer^y qoeu|^ interaticeB between 
the stone. It should be allowed to bium ^UOUoaldnafiipn ^tal^ ifiMe, which will , 
be,at the endof from.two to ‘^ree days (the te# after the first 

time the kiln should dmwn every 24 as 

before at the top, it haay be kept burning, for 1%e ^Viug 

• Illia remark isdte wkermn (4arooal 

ofurj exdkiseiVaefkiyHMBCehkIhij wllekadoa. . } t - '« !* ‘ . 



is efi^oCed by t^vIq^ one ot meafe' fml% iond if43tt6 Um l»iU nof Ml it miui 
be poksd-wi^ tub Iren rdd sligbil^ hooked. As strong gttiiiiif of tf^d affect the 
drenght and may spoil the reignlarliy of the bnining, It may be necessary to 
erect a day screen or endosnre round the openings, at some little distance. 

86. A temporary kind of Idln termed a field kiln,” is s<nnetimes resorted 
to, finr m>rlcs consuming a large quantity of lime in a short time, the construe* 
tion is expeditious and econoomcal, but precarious. Thft lower part is $1 Vault 
about 10 or 12 feet inner diameter, constructed on the ground, with either large 
fragments of tiie charge or mostly with biiefcs, leaving Openings ibr the flame 
to rise through, above this is raised a pile of limestone about’ 15 feet arranged 
as before mentioned, and enclosed by a curtain of rammed earth supported 1^ 
coarse wattliog, in which is an entrance to the vault. 

87. Slal^g of lime shotild be performed as soon after it leaves the Hln as 
possible, as all limOl, and the hydraulic in particular, are difficult to dake after 
being acted on by the air. The lime should be slaked b/ just as tnuOh water 
as will reduce the whole to a stiff paste. Too much water is often used aUd the 
mass is thereby reduced to a fine paste, but its binding qualities are deteriorated 
in consequence. In slaking, the hydraulic properties of lime wiU be conspicuous, 
as they scarcely give more than one and a quarter volume fi)r*One, whereas the 
poor limes brought to a pulp, are often Imore than doubled in volume. 

For lime of great fineness, such as for whitewash, a sufficient quantity of 
water should be ready at first, to avoid r^lenidiing at the moment of effinr« 
vesoence. The water should be insensibly applied round the lumps which ttiU 
suck it up spontaneously. 

Slaking by immersion is another metikod, where the* quick lime is {dtmged 
into water for a few. seconds and withdrawn before it begins to slake, hisses, 
sjffits, imd Mis to powder. Itmay bekeptalong^whiXeinthis^toff Mtor« 
•ed ^ntaueoui slAiQg \if the astiioa of the ato^here fiom 

exposure, hss the least effbet in bi!n|^ out ^ good qualities 'of iflneii aaA 
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{Niirtct it win be advtmto^ns to redace to powder by IMiing tdMkto lamps, 
Kk this may sometimes devel<^ hidden hydmdic or oemoBt properties. No 
move lime should be slaked at <mce tiian is required for one or two days' work. 

tbe day alter slsking toe lime is very stiff and to aQ appearance requiring 
more wator to make it into jgaste. Not so however, heavy ralniaers of iron with 
wooden handles, will soon make it fit and thih enough to be mixed with the other 
iugredimats to form mortar. Xu the hot weather howevear it may be tteeeslary to 
add a little wator, but the quantity required Will be but siihaU and Should be 
added oarefiilly. 

* Hydraulic limes would harden if slaked to a paste and allowed to stand any 
time, they should be therefore slaked With merely water enough to reduce them to 
a fine powder, about ^ or krd the bulk of the lime wUl be enough if carefully 
pouted over.f • . 

When lime has been slaked to a poWder and mixed with the sand, it should 
be ikveaiieA a skreen for the purpose of about 6x8 fiset is the best, formed of 
wires plseed f ^ apart, and set up at an angle of 45°, all that passes through is 
fit for lUN^ whilst the reniainder will be either stones from the sand, or unslalAi 
lumps of lime, and should be rgected. 

88. Mixing the ingredients for mertor should always be performed under 
cover, and the ^greatest care be bestowed in workiag up the mass, as uptm this 
dspeada the anooess of the wmk^ and all fiatesr iUboiiv > lost If tins be not 
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CHAPTER y. 


IRON, 

95. lion ijs*0Q6 of the Inosfr ehondant miiietal prodacts of nature, but 
scarcely ever met vrith in the proper melaJlic state in wMch it is used. 

Iron 'wh^ exposed to humid air ^come8'rtlsty, or in chemical language, 
attraets 03^gen* ihom the atmosphere, an oxide of iron being formed bn its 
surfkce, and iron has so strong an- affinity ibr oxygen, that it is a difficblt 
matter to prevent this oxidation from going on. This at once shoiira vrhy native 
metallic iron is so scarce, and why most of the ores of that metal are oxides. 

The oxides of iron seldom pr^ient a metallic appearance, and vary in color 
from bright>red to reddish yellow, though occaaumsffiy are lu^ly black, ^is 
metal is sb genmaliy disseminated ove^ the aUmcb of the g^obcj that these 
oxides ^ve a tint to the whole soil of a distcict, rendering it brown, red, <xe 
yellowish. these eases the quantity of iron is w anall as to render its 
bbtehtion for useful purposes imposSihle. Ircm miheS are imnm 
of the metallic ore in mass^ Stratified n^ly hbiiitont^y, b from 

to twdve feet thick. The formations of the ore are edato^i, pariiculHfrly 
in mountsiiuims countries^ hut It is usel^ wi&ord tb^^^ of b :^entifrd 

supply frs^ ^ also limestone ^ ^iaed or 

thbse al<me ^ are'-'irmficed . ore) ! linu^^he, , ifid 

either 'boai' ok'wbod, are foand'ip'.'the im3Bi$’lb4ii^'||ldh’'is'’^^^ 
opeiOrrehoel" 
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96. The working of iyon mines, that is, the art of extracting the ore, 
building and working the furnaces for the reduction and purification of the 
metal, the machinery for its manufacture into bars and rods, are not likely to 
fall within the practice of the Engineer in India,* more particularly as the 
ready prepared material is exported in such abundance and at such moderate 
prices from England, but it is necessary to put him in possession of such infor- 
mation as shall enable him to judge of the qualities of the xnctal which may btj 
2 >rcsented to him under differeiit forms, and to Use it to the ^st advantage, 
both in “ pig” and its malleable state.f 

Iron has a strong affinity for almost all the natural combustibles, and 
readily mixes with most other metals, forming alloys that essentially alter the 
character of the metal. A combination made ‘artificially of sulphur and iron at 
a white heat cannot be dissolved by any means, and the iron is spoiled for all 
useful j)urposes, as the compound possesses no quality that reilders iron valuable. 
It is often found natur&lly combined with sulphur, fonning a beautiful mineral 
chrystalline Avith bright mcitsillic lustre, and by the ignorant might be, and has 
been, mistaken for gold. I’liis mineral requires to be carefully extracted from 
the iron ore before working, as a little of it will deteriorate a large quantity 
of iron. . 

C-arbon, or the jmrt^ material of coal,* unites with iron in the same? manner 
as sulj)hur, tjiough to a less extent and is less injurious; the reduction of iron ore 
«*,onsists in filling the furnaces with alternate layers of ore, limestones and fuel, 
which soon gets into a state of ignition by the aid of the powerful blast c;m- 
jjloycd; being thus deprived of its oxygen, and tricklmg dov.m through the 
ighitcid fuel, it comes intp contact with carbon whilst both are at a high tempe- 
rature, and a union takes jjlace. In this manner all iron is reduced in the first 
instance, the bottom of the furnace beiug tapjxed, the fluid metal flows out, and 
when cold assumes the character of metallic iron, but mi this state it is unfit for 
geiveral us6, being veiy brittle«and^so hai^ that no file will touch it. 

* A probability greater than when this was first pennad, for no better iroq. exists *on the globe than 
Indian, igrhich \^ant8 but British capital and enterprise. 

t Since the abov& vras written ein^uiries of a valuable nature have been nuuhs relative to the advan- 
tages of forking Intliuii iron mines by European Agency, and tfie author doubts not that good results 
would ensue therefibift. 
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The appearance of its fracture is white and (pystalline, its denomination 
is “ crude iron,” a«d it may be riiu into heavy castings, that require no subse- 
<iuent turning, drilling, or any operutiou of a tool. It is thus evident that the 
luel used for the reduction of the ire.n luis a considerable influence on it; most 
kinds of coal contain snljihur, which is so prejudicial to iron as to prohibit the 
use of it in smelting the ore Wood contains nothing that can injure iron, but 
in its ordinary state its Immidity prevents raoid combustion, and it will not. 
yieltl heat enough 'll convened into charcoal, it is then the best fuel that can 
be used, h it expensive on account of the rapid'ty of,its burning and the labour 
of preparing it. “ Stvedish iron” owes its celebrity lor toughness and ductility 
to its manufacture* from the eharcosd of pine wood; next to charcoal “coke,” 
which is the cinder ol bituminous Void, is the best ‘material for reducing iron 
ore, and is that most commonly used. 

97. Coke is pit-coal, broken into small jiieces?, ignited with free access of 
air, and permitted to burn till it ceases to give out flame or smoke, and the 
whole mass is become red-hrit. It is then shut up to the total exclusion of air, 
Avhen combustion is suspended, »ud in this state, when cool, is fit for use. It 
is better made in a close oven thiui in any other way, yet such ovens are tedious 
to build and expen.sivc, so that coke is generally made on the ground. The 
I'oal is piled np' in long boiips, and after being ignited and allowed to bum a 
suffi(!ient time, earth i.s dug and thrown upon it till the air is quite shut out, 
the heaps are iheu watered through the earth, and not opened till quite cold. 

The fblhnviiig description of the mode of smelting iron by the Indian 
method, is p.t 'ly from obsen^ation partly from a little work by A. Aikin, 
Fsq., F.ll.S., F.O.vN. 

98. Ail I’ diaii furnaces are on the same general construction, differ i n g 
only in size a wl ui the dative proportions of some of the parts.* I shall there- 

^ fore describe in detao' .’uflS.cicnt for*my present purpose, those which are used 
in Central India. Figil. 


In the annexed grou.nd-plan, (fig. 1,) .B is a trench thr^ 
feet deep having a sloping entrance, and A is the furnace, 
the shaded part showing the comparative thickness of the 
walls which are ,iqade of large unbumt bricks and lined mth ' 
day. 
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In (figures ^ and 3) aje represented a front elevation and section of the 
furnace. The first thing that strikes the eye is the 



obliquity of the furnace as seen in (figure 3), which is an essential condition in 
its construction. . C is a large block of sandstone or some other hard and 
difficult fusible rock : its surface slopes towards the front in order to tlirect 
the melted liiatter to the perforated earthen plate £>, the holes in which are opened 
from time to time ■with an iron bar in order to let out the melted slag or 
scoriae; E is the tuyfero or blast-pipe, composed of two diverging earthen tubes 
inserted into a mass of dried clay : (figure 2 ) shows a front view of the part, 
(figure 3) a section, apd (figure 4) a plan of the same; tliis latter likewise 
sho-ws how large a proportion it occupies of the area of the furnace at the place 
where it is inserted. pig, 4 , 

(figures 2 and 3) is a wedge of play on which 
tl^ tuyfeiu rest and by wluch«it 8 angular position is ad- 
justed, while the end of the tuy 6 re rests on &, a mass of 
cow-dung and chaff -with wliich the bottom of the fur- 
nace is filled previous to smelting. O O, (figureL4) are 
plates of burnt 'clay or thick tiles that fill up thp space 
in front of thSr furnace pot occupied by the tuyere*.! 
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The bellows are made of skia and are two in number, and a pipe projecting 
from the bottom <jf each is united with the blast-pipes of the tuy&re. These 
bellows are placed on a plank laid across the trench in front of the furnace, at 
the further end of which is seated a man, who by working the bellows alter- 
nate||r one by the right and the other by the left hand, produces a continued 
stream of wind. The entire height of the furnace varies from 4 feet 4 inches 
to 8 feet, and its diameter at the widest part from 1 foot, to 3 feet 9 inches. 

99. The fuel is universally charcoal, that from the bamboo being by long 
experience greatly preferred to any other. No lime^or other flux of any kind 
is employed. It is easy to see why, in the absence of flux, bamboo charcoal 
always gives the Ivjst results. 

Bamboo is nothing more than a gigantic grass,* and like the smaller grasses 
and corns of our own country, is covered externally with a hard glossy varnish, 

' this varnish is silica; it likewise, in common with all other land plants, contains 
potash, and os it is very possible by a dexterous application of the blow-pipe t<* 
hum off the combustible matter of a piece of wheat straw and melt the, residual 
silica and fixed alkali into a drop of glass, so probably the same thing would 
occur with a twig of bamboo, this kind of charcoal therefore may be considered 
as furnishing not only fuel but a very active and excellent flux. The minor 
details of the process vary in difiEerent .works, but they all agree in charcoal 
only being put into the furnace at first, in order to bring it up to a proper heat, 
and then in the ore and fuel being added alternately to the end of the opera- 
tion, the proportion of fuel to ore being two measures of the former to one of 
the latter in Centzwl India, where they smelt a fusible hydrate and obtain an 
excellent steely iron. 

At the end of from 6 to 12 hours, according to the size of the furnace, the 
tuyere is for the most part melted and is no longer serviceable; ‘this first part 
, of the process is therefore necessarily finished, and* on breaking down the front 
of the furnace there i*s found a mass of crude iron jveighing from*24 to 10011m., 
which is drawn out by strong tongs while stiU hot and is divided by a hammer 
and chisel into two nearly equal blocks. This crude iron is of a greyish-white 
color, is very porous, ‘the cavities being filled with, charcoal and sla^, is some- 
times quite brittlq Ijjut generally malleable in a slight degree, and if, during the 
last four hours of the furnace being in activity, no ore, but only, charqpal has 
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been added, ^ found sufficiently malleable for common uses after being merely 
drawn down by the hammer into small bars. This crude metal has never been 
in a state of actual fusion ; the Indian furnaces from their small size, from their 
thinness which allows a rapid escape of the heat, and from the comparatively 
inefficacious hand bellows made use of, not being capable of receiving or rg^in- 
ing a sufficient intensity of heat to produce tliis effect. 

The block of crude iron is laid, covered with charcoal, on the ledge of the 
chimney, with one end projecting a little just above the mouth of the tuyere. 
In this situation the end of the block soon softens and then falls dt)wn in a state 
of half fusion ; a man with an iron bar then draws the remainder of the block 
a little forwards, advancing it from time to time till the wholg has sunk to the 
bottom of the furnace. It ic now dragged out while glowing hot and hammer- 
ed on an anvU to separate most of the scoria;, is then subdivided into two or 
three pieces, heated and again hammered, and this process Ip repeated till the 
iron is quite malleable, 

Fropi the above slight, though preliminarily necessary sketch of the nuin- 
ner of producing iron, it is apparent that it is obtained in a fluid state in the 
first instance, yet it is met with in two distinct forms, “ malleable or wrought- 
iron” and “ cast-iron,” the characters of which are as distinct as two sejiarate 
metals. 


MALLEABLE OK WROUGHT-IIION. 

100. Malleable or -wrought-iron is manufactured into '•rectangular pieccis 
or “bars,” cylindrical , pieces or “rods,” and flat plates or “sheets,” and if 
g*»od, should be characterized by its toughness, ductility, capability of bending, 
also by its strength, capability of reemving and retaining a high polish, its 
fibrous texture, the facility with which it .rusts, its capability of being welded,, 
(one of its most valuable properties) which is the firm unibn of two pieces by 
hammering when at a high heat, and its resistance to fusion by heat; for malle- 
able iron may l>e wholly converted into oxide when too highly heated and will 
burn^ but will not admit of fusion. It is generaUy admitted that by a judicious 
disposition of nletal in the sectional area of a bar of iron, g];e%ter strength may 
be obtained ^svith a given yeight, than with a larger amount of m^tal injudici- 
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ously disposed, it was thus after many experiments, that the Tf 
iron had their origin, the former being exceedingly* useful as rafters, girders, 
floor joists, &c., the for similar purposes where greater strength is requir- 
ed, and the L iron as battens, and means of strengthening the angles of boilers, 
tanks, tubular beams, &c., they all possess great strength with ecomony of metal, 
and are formed in rolling mills like other bars. Their application and utiHty 
will be treated of in Part II. in the Chapter on “ Iron Eoofing.” Hence the 
application of “ wrought-iron” to all purposes, parts of machines, or framing for 
roofs and bridges as are subject to tension or torsion, whilst on the contrary 
“ cast-iron” is employed where resistance to a crushing force or to compresnon 
is required. It hlis no ductility but little toughness, and will bend but very 
slightly withdut'^breaking. It is inferior in actual strength to malleable iron, 
may bo made smooth and polished, but will not attain a reflective surface, has 
a granular instead’of a fibrous texture, rusts slowly, cannot be united by weld- 
ing, fuses and becomes liquid when exposed to a high hekt. 

Tftf' iron in both cases i? the same, and these differences of tharacter . 
depiUvJ on the quantities of carbon and oxygen that have combined with the 
metal, at the time o.' its reduction. Iron in its malleable state is supposed to 
be pure and free from alloy, but cast-iron is alloyed with carbon and oxygen, 
and the proportions of these elements that are present, affect the quality of the 
metal, it is therefore a carburet of iron combined -with oxygen. 

101. The process thertfore, of procuring malleable iron, is to reflne or 
purify the imperfect carburet of iron that is obtained from the ore by the first 
process of redaction as above described, by taking from it the carbon it bad 
imbibed; and this is done by melting the crude or forge-iron a second time in a 
reverberating furnace, or one so constructed, that the iron shall be exposed to a 
free current of air, and shall be subject to all the heat Of the fuel, without being 
' in contact with it. ^ soon as th«?iw)n is fused, it is kept coMtantly stirred 
and moved about by iron rods, so as to constantly expose new surfaces to the 
heat and air, which process is called puddling, and by which any carbonaceous 
matt^ the iron contfined is burnt aqd consumed, and other .portions of iron 
combine with the oxygen of the air; in consequence of whidi changes, the iron 
shortly loses its fltndity and beOomes rof^ and tenacious like dough; and the 
workman, judging frmrfW.experkinoe wlffin this change has been suf&mently 

u 
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moghtt tetf^ea tlie mass of iroa from tba famaoe^ imd |)lacM it on it ksr^ 
mvil .wkero< it reoeivos a feV blows from a vary beavy idtg& hSmtaw trorked bjr 
nacidilery, and which forms it into the sha^ of a s^ofure' bsr of fbom two 
^faree feet in length. Tim blows of this hanuner not only farm (tbe bar, bat 
ikey tender the mass more dense and compact, and Mve off ^ mdd^ of 
iron that was formed during the puddling process^ this ffiea oifl^ in all direc> 
lapns under the' hammer, forming scintillating sparks of great brilliancy and 
b^uty. . Ihe short bar while yet in a growing beat is spendily carried to the 
forming rollers of which 1, {date d is a representation, if a square bar 
iadeared, it is presented into the square opening d, and is carried forward by 
the revolution of ^the two cast*iron rollers 6 and c. If a smalWhtf is required, 
the hot piece is returned baci: again through the next opening^l^lra afteiwards 
through ^ and so on, until it is reduced to the required sire. If a round rod 
oi iron is required, then the piece ii in like manner presehted to and pasted 
through the round openings g hf&sc., and thus the hot bar which was originally 
only 30 inches in length, is extended to 10 or 12 feet, or even more, and is 
afterwards cut by the shears to the required length of the bar. All bars of 
iron are now formed by pasedng them between rollers of this kind, and of coarse 
iron mills must possess a number of such rollers suited to the sizes and forms 


of the iron to.be |^ndaeed, because, by altering the indentations in the rollers, 
bar kbn of any fom xnay be ptoduc^^ 

To OQm{wnsate for the imperfect operation o^: the rollers, every bar that 
passes through them should be reduced to a smril size, and be then cut and 
doubled, a welding heat should then be applied to the two bars, >when tluy are 
again to be passed through the rollers to be conadlidBted; ikto^ w ring^le bar, and 


reduced to the required size. When two or more bars .are b^lhd, placed tc^-' 
ther, and 'welded into a single ])ar by the actiffltt)<ff.rp]^te» process 

is called foggotting/* and the, strength of tfan itmt' thereby. 

€ When wrQOght*uoa is really good, it ot^ht in a 

state, without bneaidngj at^ the fracture 
<^y fibrous chara^|iW| or bri^tie,r it.a^;^,l)^ 

and the'firacturei8iiia|lo^aB»dgrtm«bi®i:'';:>:v<..^^^^^^^ ’ -f' 


102. : "Scrap” 






scraps and 'Mb <^.ixe& bb 



M i»ld ifon savedr It is veiynnwch {Sp^roved'fbr purpose 

wkein g^i is of links of diiain bars, or 

syes ofiail^i^odBj' ialigoot^ to toDskni^tM iro in small pieces, 

iS'iiiadESdi ix^nll du^tions, and tiboroiigMy incorporated by 'dtber, rollers, tilt, 
or tibe fibres, being interlaoed, the iron produced is 

mor^ totigh ^ strong than any other Mnd. ^ 

, 103«;‘J^rf^i2ght*iron work is earned on by two distinct sets of workmen, 
the blacksmith or fisrgmnan, and the whitesmith or fileman^ there lised to be 
in all large and in many small establishments a* third workman called the 
bdlowsman, who is also 'a forgeman or hammermany when not nrging the 
bellows; but tincS the introduction >of the &n blast into large wmkskops the 
third man. has oeen dispensed witk, and each finrge has two foigem^ attached; 
the most expert of the tv'- > seeing to the due heat being given to the iron, regu- 
lating tim blf^ afid when the iron is ready, fashioning it With his hmnmer 
assisted tire otixer. The introduction of the ian for giving blast to forges is 
one of the most useful additions that science has given to the IdapkaoEdlh’s Shop, 
fbr independent of the power of its range enabling it to supply the blast to 70 
or 80 forges, its fixroe can he regulated to a nicety by the movement of the 
el%tical aperture h. the cock attached to tku funndl of each^forge, and a weld- 
ing heat l^more rapidly and certainly ’attained than by th^mere aid of tbit 
bellows, which, if carelessly worked, was, and is often the cause of dalse welda^ 
inferioiLfiftggOtting; dehi^r, and cxtrc« e;,:pensc. Figure 3, plate 4, shows the 
appiusil^ whi(k eontifts of four or sometimes £lVe &ns attached to amm Set 
at a o^Etain anpe pa itheir akl^ and enclosed in a drum, the space betw^ the 
edg^.pfthe fans and inner Stuf^ the drum bding«a tube, titebngh 
.th^end of whiidi prolonged, driven; a pnUy is attaclxed to thid aide 

td^rejB^yi SfistrSji'itum the 

- i. Sinitb'S nhidl''liis: a'l^^for feinting round or earned '^’iil^k ; on,' 

and:lt'luii';ii^ikic^^hoWat'‘^'''pth<^f|^;,^r‘!;'i^d^ 'has to *be 



[;wiS'|tSfShii% ,to in ] 




iabia%anr,T«kM;'«('lte aMwhiSM, 

.. .• . i' ' . « K*tt^ th&agli , a»rfr iatredac- 
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fit on to toe'ttsvil, for if a piece of iron haa to be ' routided or toade into tbe 
form of a mouldings toe bottom tool is insertod in^ bole *ln toe« iim^, . 
heated iron laid upion it, and toe top tool held bf itii lutodle placed otot and 
iMai^ck by toe sledge hammer, fill toe necetoary fi!i^ xa^yim to tove irob. 

Holes are expeditiously made puntoes, which ato sUghfiy toping tods 
of steel of various sizes, with blunt ends, driven through the ho^lpioii laid oyer 
toe hole in the anvil for the purpose. . 

105. Maundrells are generally cylindrical tools introduced iitto holes alter 

they have been punched, to*render thein true and of a certain size, tThich is the 
more necessary when female screws have to be cut in toe hdes. There are 
besides manndrdls of other forms. • * 

106. One of the most frequent operarions of the blacksf^to is wddihg 
or joining two pieces of iron together; toe Bmility with which this is doiie adds 
much to toe value of wroughtdron. The heads of bolts are*pttt on by forming 
a collar of square iron,Vhicb is fitted to the end of toe bolt, toey ire then both 
brought to a white heat and welded at a single process, tonall bolte are head- 
ed a rivetting process, toe piece of iron being driven into a aiptare dr round 
hole in a hlodc of iron called a “swage.*’ The hole should bfi ibtoer smaller 
than the hot iron which is driven in hy the hammer, winch by the eox^pression 
lised, fonm a,liea||pto. toe piece, which is at the same tiiad tody ia^ to the 
swage h(d^ and is earily withdrawn as it contracts w^n cool. 

107. The swage htoch is the feUtoi tod to the teadxidtell, tl^ 

giving a determinate «ze to toe bolt, ahd toe totter to fi^it th^Wt is 

to fit into, when screwed or otherwise finished. , ' ’ 

108. “ Faggotting^* is the process of wddtoj; Of bars toge- 

ther to one of, more than ordinary strengto, . to ^ to;, H^to^.trt^ 
faggotted bar than to a singlq one of the as large 

bars arc sddoEp so compact or well WT0|to^ . Nnts « 

also for 80 ^ bolts.to be subjiected ' 

manner, taking irmr'cf.toe proper 

doubling or trebling It atia w«^ng htot. '.'t"' ' 

^ - The only ' toing - to, be'-gumtoad ' 

fti^;o^ being aft 'impeifoct union, of.^cliie*!^^ 

tion oIF dn ozide.on'the-auifiiceti 



81-^1 


being vi8i)>le jrom tbe outside, and is prevented^by bringing cl(^n surfaces 
together, and sprinkling them mth dry sand when heated ; the sand fuses and 
vitrifies, thus protecting the surface of the iron from oxidation by forming a 
thin coat of glass over it, which is driven off from the joint by the first blows 
of the hammer. . 

109. “ Jumping” is another necessary operation that is performed on the 

ends of bars previous to their being welded. It is merely making them red-hot, 
and driving them against the side or top of the anvil, or block of cast-iron fixed 
in the floor, in order to render the ends thicker than^the rest of the bar, because 
in welding, the two ends have to be w;ell hammered together to produce perfect 
union, consequently the joined part of the bar would be less in diameter than 
the rest, if the reduction was not prevented by jumping or previously making 
the parts to be joined so much larger that the necessary hammering produces 
a uuifi)rm dimension throughout. 

110* The fuel of a blacksmith’s forge is of great importance, for the best 
iron may be spoiled by a bad fire, composed^of coal containing sulphur,, arsenic, 
lead or any other mineral that will combine with iron at a high heat,^ and thus 
destroy its valuable properties, or render it what is technically called “ rotten.” 
Wood charcoal is the safest fud to use in respect to the iron, because it contains 
nothing that can troublesome in its management and throws 

off so many sparks as to render it difficult and disagreeable tJ^ork with ; inde- 
pendent of which its combustion and consequently consumption is veiy rapid. 

The varieties of pit coal, which are denominated smithy coal” from their 
being sought after fiv forge purposes are excellent kinds, and exported to this 
country by the Iron Establishments and Mint in Calcutta. It is a small coal 
generally from Northumberland, and nqt useful for domestic purposes. 

111. All work produced by the blacksmith or forgemad, is said to be 
^forged, and he delivers it in its black unpolished* state, hence his name, and 
tiieperfectionpflus work ^to/orge pieces so ne%tly, as to bridg them very 
nearly to their intended shape, leaving the fileman little else to do than file 
away or otherwise rmnove the blacl^ external surffice. 

The whitesmith 'or fileman wqr^ ® are cold 

diisels,. saws, files, dri^ (generally woreed by machinery), rimers, screw-cutting 
apparatus wjd a lathe., 
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112. Screws in all large Establishments, are generally cut either in a 
lathe or regular screw-cutting machine, and no iron works should be without 
sUch tools for the sake of the rapidity and accuracy with which the screws are 
cut,’ but where such is not the case, or where there may be but one such 
machine, they are cut by taps and dies, and small screws by a screw plate. 
The tap is a short circular rod of the best steel, with a square head for turning 
it by means of a spanner or wrench, it is made slightly tapering, and a peifect 
screw or thread is cut on its surface when the point and some distance above 
it is filed away until the tt^ becomes square, leaving the screw-threads at the 
four angles. The tap is then tempered and is fit for use. Being conical 
slightly, the small end is introduced into the nut in which the female screw is 
to be cut, and by turning ilf forcibly with the spanner whilst the nut is held in a 
vice, the required concave thread is obtained. The dies are two small blocks of 
steel fitted so as to slide close together, or a small distance»asunder, in an iron 
frame, called the stock, which has two long handles. The dies are brought 
together by a screw passing through one side of the stock. The two sides that 
face each other arc filed out so as to form nearly a circular hole, in the inside 
of which is cut a screw by the tap, so that the impression of one-half of the 
screw is in each block or die, and indentations are filed across the threads to 
produce sharp e^es. The bolt to be cut, is fixed vertically in a vice, and the 
dies are coinprenld on it, the forcing screw made to pinch ti^tly, when the 
stock is turned by the handles, and the screw-thread cut on the bolt. 

The ends of all rods, to be screwed, that are intended to resist a tensile 
force, should be made thicker than the rest of the rod, a quantity equal to 
twice the depth of the thread ; that the sectional area of iron remain unimpaired 
throughout the entire length. 

113. The lathe is of first rate importance to the Engineer and Mechanic, 
and without its aid the perffcetion which xgachinery has reached could never 
have been obtained, for it affords the only means by wbiSh the workman can 
render his material perfectly round or flat; whilst the addition of the slide rest; 
in which the cutting tool is held by a firm piess worked hy fine threaded 
screws, has rendered the operations with 1:he lothe mathefhatically correct. The 
slide rest shonld therefore be considca^ as an indispenijahle part of a lathe. 
In India, and especially in smitheries and foundriefi in the North-Western 
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Provinces, each Establishment should be possessed ^of the means of repairing and 
making its own tqpls, and of repairing and re>placing any parts of cither a steam 
engine or mechanical tool that may go wrong, otherwise work may be brought 
to a stop. Spheres, cylinders, cones, spheroids, and every figure that has a 
circle for its base or root can be formed accurately, by the different arrange- 
ments of this most useful implement, nor is it confined to wrought-iron wojk, 
cast-iron, brass, wood, and every material capable of being turned can be simi- 
larly brought under its operation. Lathes are various in their form and appli- 
cation, from dimensions capable of working on pieces of several tons in weight, 
to the delicate implement upon which the watch-maker forms his finest wheels. 

Lathes of any magnitude, or such as are in use in iron works, are generally 
driven by steam power, and their moving velocity should be made variable by 
means of reversed conical gearing, as cast-iron requires a very slow motion, and 
wrought-iron rather a more rapid one, brass a sreat velocity, whilst wood 
requires a motion more moderate. 

The several processes to which wrought-iron is submitted arc included in 
the above description, excepting only such details as belong solely to the 
workman. 

Those explained are what an Engineer should know the. existence of, and 
one in charge of iron works have a practical acqumntance with, as well as the 
details coimected with 

CAST-mON, 

114 . Which on account of its hardness, strength, durability, small ten- 
dency to oxidation, resistance to heat and cold, and facility with which it may 
be put into any form, renders it one of the most valuable maj^rial that the 
En g inft ftr has to deal with, and which will be Jthe more appreciated as the 
• foundries at Roorkhije and Futtcglfdr shall be enabled to cast t]|jie varieties of 
articles required of this metal; for the Departmeift Public Works has hitherto 
been deprived of it owing to the very great distance and expense at which it 
was to be obtained, though it is ihost desirable that a material* so important 

* This is equally K «ot more applicable to wrougbt-iron in lodia, as capable of more extended use 
and more easy of transport. 
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to resist tUe agents which principally cause the ruin of the destructible 
portions of the public buildings in India, should be more generally brought into 
requisition. 

' The reduction of crude-iron from its ore, has already been given; Art. 
(96) which from its being too hard and incapable of flowing freely, is unfit for 
casting purposes ; iron for foundry purposes becomes good in proportion as it 
receives a higher charge of carbon, consequently an opposite process has to 
be observed to obtain this iron from that of wrought-iron. It has to be 
re-melted in close contact with the fuel, and with as little exposure to the air 
as possible, and it accordingly undergoes this second melting in which it absorbs 
an additional quantity of carbon, after wliich it is tapped, and run into foundry 
“ pigs the term “ pig” iroif is common in all countries as applied to the bars 
which are formed in a series of troughs at right angles from a main trough into 
which the metal flows first when the furnace is tapped ; the larger or main 
trough being called tbs “sow,” which generally retains the impurities direct 
from the furnace, and are not communicated to the pigs. 

Keferring to the important service that the abovementioned foundries in 
the North-West are likely to render to the Department of Public Works, with 
which Establishments the Engineers of the Department will be required to 
correspond, it is necessary that they should be acquainted with the operations 
therein carriediPI,’ and with the manner of making moulds, to prevent the 
expense that might otherwise be incurred in preparing patterns from which 
castings cannot be made, or demanding articles of cast-iron that more properly 
would be executed in wrought. 

115. Pig-iron is known under three denominations. Nos. 1, 2 and 3; 
No. 1, a soft grey, kind, i^ the best; No, 2, medium, and No. 3, very little 
better than crtide-iron. The quality is judged of by the appearance of the 
fracture, the sound, and by seeing if it inden^a or breaks from blows of a ham- 
mer. Place dne pig on the, ground, and throw the resl successively over it 
transversely, and the facility with which it breaks will give a fair criterion of 
its quality for strength or toughness. The sound of the blow, should at the 
8ame^time^l)e attended to, for the finest soft iron scarcely yields more sound 
than would a block of lead. Its fracture will be coarsely .granular, with no 
grealr lustre. , Jfo. 3 being very brittle, re-bounds with a metallic sound, has 
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little or no granular appearance, its fracture of silvery whiteness* and strong 
lustre. No. 2 is, n,s before said, a medium between the others. The form of 
the pig should likewise be regarded to see if the underside carries the impn's- 
sion of the little irregularities of the sand in which it has been run, if it does, 
it is a proof that it will flow freely into the moulds. The three qualities men- 
tioned derive their character from the quantity of carbon they have imbibed ’a t 
their formation. 

116. The iron-founder uses two kinds of furnace for melting his iron, the 
“ cupola” and the “air-fumace;” small foundries should never have less than 
two cupolas, as repairs are so frequent that one is constantly out of use. 

The cupola Will only melt pnoperly from one to twelve cwt. of metal 
at a time, and during the whole of the operation requires to be urged by the 
fan blast described at Art. (103.) 

117. The ai^-fumace is made large enough to fuse from five to seven 
tons at once, requires no blowing, but works byi a natural current of air induced 
by a very tall chimney. The operation of the air-fumace is valuabte to the 
founder who works for trade, and has constant and large castings to produce, 
but the cupola is best adapted to the requirements of our Indian Establishments, 
where the greater part of the work cast will be under 10 cwt. 

118. There are four denmninatidUs of castings dependi^ on the manner 
in which the mould is made. They are open sand-box ca^ngs in dry and 
green sand, and loam castings. The moulds for all but the last being of sand, 
having peculiar properties, and as yet only procurable from Europe.* It con- 
tains a clayey loamy matter that causes it to retain any form given to it when 
slightly moistened, and must not bum into hardness from the heat of the melted 
iron.f Open sand-casting is only applicable to flat plates, *bars,^ or such posi- 
tions where one side only is exposed to view, whe^ strength without beauty is 

» required, and whereat is not detruheatal to have one side rough. To produce 
a casting, a pattern is necessary, being a faqgimile in wood of the tting to -be 

* Tho search for moulding sand should be prosecuted as a valuable ingredient, would be ren- 
dered avcdlable to the Indian founder. ^ ^ 

t Since the above was written good sand has been dug from the neighbourhood cf Calcutta, rendered 
ht for moulding purposes by t^e mixtUre of a little charcoal. This is now in use at the Iron Bridge 
Yard. 


3 
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oast in iron, 'it is imbedded in the sand vrhich is closely rammed round it, keep- 
ing the top of the pattern quite level. When moulded, the •pattern gently 
withdrawn vertically and may be again used. The disadvantage of open sand- 
<;a8tings is their liability to warp, if of an extended form, and care is not taken 
tf> ensure equable cooling. Their upper sides too will present air-bubbles and 
dross, rendering it rough and unsightly. 

When every side of a casting is required to be fair and smooth, the top ot 
the mould must be covered with sand as well as the other parts, and this can 
only be done by making the mould in a box, that divides into two or more 
j)tirts according to the intricacy of the article to be formed; such boxes of vari- 
ous forms and sizes are therefore necessary items in the stock'of every foutidr}-. 
All box-castings recjuire a pattern likewise, and if the box is filled Avith tlu^ 
ordinary damp sand of the foundry without being dried, such sand is called 
“ green,” but though green sand is so constantly used for the common work of 
the foundries in England, it requires the greatest nicety and care in using, and 
is not the best material, certainly for India, and its unpractised workmen. 
Th(' sand requires slight moistening that it may retain the form of the pattern, 
but if green sand be moistened in the smallest degree, too much steam is sud- 
denly generated when the fluid iron is poured in to the mould, which is, thus 
blown up, and tlm hot metal disi)erscd in* all directions. Even when the n)ould 
is safe, the meltea iron coming in contact with damp sand and the told gene- 
rated by sudden evaporation, produces a bad effect on the iron by rendering it 
refractory and hard, an advantage, if the lathe or file hove not to be employed 
nu it; but all castings that have to l)e worked on should be cast in “ dry” sand. 
The process for both “ green” and “ dry” sand-casting is alike, except that as 
soon as the mould itf finished for a dry sand-casting, the box is carried to th(! 
store, opened, and kept till d^ and hard ; after being returned to the foundrj', 
a lire is made round it and over it, heating the sand bqfore the metal is run 
iTi«o it. I?he box is not opened til] the metal is quite cold. This makes castings 
rather more expensive, but should be adopted till experience enables the work- 
men to cast in the sand as it is received frpm England. 

119. . The boxes are best made of cast-iron, of various forms and sizes, 
they consist of four plates forming two boxes F»nd G of tbc«same dimensions, 
(plate 4, figures,) and are without tops or bottoms, ’'but to prevent the long 
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sides of large boxes from bulging a sufficient nufuber of braces, <h h must be 
fixed across the top of the upper, and side of the lower box. The meeting ctlgcs 
of the boxes should be so even, that a perfect joint be formed and their true 
position preserved by the steadying pins m m passing into holes I I on the 
upper edge of the lower box. 

To mould an arfiele of which the pattern has been prepared, the lower-box 
is placed as level as po^sible and sand rammed into it well to such a height that 
onc-lialf the thickness of the pattern placed in the box shall be. exactly sunk in 
it, and the other half wholly above its upper edge. The lower box is then 
filled u]) level with sand carefully rammed round the pattern, the top of the 
surul is then made* hard and level as possible by a small well-polished trowel. 
'I'hat done, a small quantity of v^ry fine brick-dusl is sprinkled over the top to 
prevent the adhesion of the sand in the two boxes. The iqjper box is now 
placed on the lowtJr as in (figure 3,) and well rammed with sand to obtain 
the impression of the upper half of the pattern. Before? filling the top box two 
slightly tapering turned sticks are placed vertically, small end do'vnwards on 
tlie pattern, and rammed about with sand as web. as the pattern itself, and 
wIkhii the upper box is filled the moulfling is complete. A funnel-shaped cavity 
i.s then sunk with the fingers round one of the sticks and they are tlien with- 
drawn. The hole that is left Avith the funnel opening, is called the “ gate,” and 
is the channel by which the nietal is poured in, the other is .the “ vent,” 
for the escape of the .lir, as well as the steam and gas that is generated 
as soon as the hot iron is introduced; it also informs the moulder when 
the mould is full, that he may cease poixring. When the moulding as above 
described is completed, the most difficult and delicate operation remains to 
be efifected, which, is that of separating the two boxes for the reraoA'al of the 
])attem, without bre.iking down the sand in which the impression has been 
. made. In large ah^ heavy castings,, or where there are many boxes to lift, the 
iiperation is eflfected by a circular crane with rack and pinion wbrk on J;he 
horizontal beam, this crane SAVeeps the whole area of the moulding shop and can 
be adjusted to pick up a top box fro^ any point in the area. It is used also to 
convey the liquid metal from the cupola to the casting boxes, when the ladle in 
which it is carried is larger jthan four men can manage. For small work or 
where there is not mudi of .it, the operation is condueted by a mam going t6 each 
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top handle e«, who raises the,box as steadily as possible, inverting it most care- 
fully on the floor for examination, and any little repairs the sand may require. 

To remove the pattern from the lower box, is not difficult, a little 
water from a rag is applied all round the pattern, and one or two nails driven 
into the top whereby to lift it, or by striking it gently with a hammer to 
loosen it, it may be gently lifted from its bed without any serious damage to 
the sand. 

The most convenient way for an Engineer to transact business with a 
distant foundry, and one wlwch is attendant with the least probabilities of dis- 
appointment or error, is for him to prepare under his own eye the wooden 
patterns of the articles required to be cast,, and to send them to the foundry ; 
for to whatever locality the casting can be scht from the foundry, the pattern 
can be sent from the former to the latter; elaborate and detailed drawings, 
though necessary accompaniments to an estimate, necessary also as working 
plans to a subordinate br overseer, would occasion much loss and trouble if mis- 
understood by the pattern-makers at the foundry, and might cause a casting to 
be sent that did not agree with what was wanted. Cast-iron is so hard a 
material to work in, that every precaution should be taken to guard against 
having any more work than is absolutely necessary to do to a casting after it 
leaves the foundry : to prevent therefore an Engineer from making his patt(!rns 
•wrong, and ^hereby probably recemng a solid when he wanted a hollow casting, 
he must bear in mind that though a pattern is the exact representation of the 
thing to be cast, holes and hollows are just the reverse, for instead of making a 
hole in the pattern where a hole is required in the casting, it should be marked 
by convex projection of, the same size and form as the hole, such projections 
l>eing called “ prints*.” The print is for the purpose of making an impression 
of the hole in the sand, which hole is to contain a core made of loam, sand, or 
other material, the size of which is pointed, out by the prinli hole, which it must • 
exactly fif. 

120. The core need form no portion of the care of the Engineer requiring 
the casting, the prints are his business, ■v^ich should be put on exactly where 
holes are w.anted, and the moulding foreman at the foundry will understand 
them, they should be fastened on ■with brads, never glued, 'nor should glue be 
used in any part of a pattern, or however neatly it iiiay have been managed, 
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tliu moist Iient of the moulding sand will dissolve jt more or less and the sand 
will then adhere to the pattej’n. Dovetailing and brads must be resorted to. 

For the infonnatiou of tlie Engineer studying or fii\st joining a foundry, 
lie should learn that eores must be of such material as mil resist heat and the 
]ircssure of the iron, yet not bake into so hard a substance as shall prevent its 
removal from the hole when the casting is finished. Long cores particularly 
when used hoi’izon tally, must be strong and incapable of bending, for iron in a 
fliud state has a buoyant power of more than half that of ({uicksilver and will 
tloat up any thing lighter than itself, such cores tluirefore are made upon iron 
bars, if of medium si/.e, or on tubes of cast-iron pierced with small holes, if the 
hollow reejuired will admit them. , The holes are for the discharge of air and 
stetuu as the hot metal is poureddn, these coi*e tulles being principally rcipjired 
for casting pipes. The core is prepared on the tube by tirst twisting Avet hay 
rountl it in an oven manner Avhich is afterwards covered Avith Avell-bcaten wet 
loam, mixed with hair or cotton, to give it t,enacity. ’It is made truly cylin- 
drical by means of a small Avinch, Avhich is fixed to one or tAVO iron pivots pre- 
viously inserted in tlie ends of the tube, and made to revolve against the 
straight edge of a board. Jt is afterAvards dried or baked in the “ stove” Avhich 
is a \)rick room attached to the foundry, with an arched covering, and closed by 
iron folding doors ; good llres are kept in tills room, that it may be constantly 
hot for drying cores and moulds. Cortjs after they are baked hard, require to 
be dressed and smoothed by a coarse file; then blackened by a mixture of coal 
dust and water, and finally dried again for use. 

121. Loam-casting is the most difficult and costly, and only resorted to 
Avhen castings arc required for large manufacturing purposes, which a box could 
not contain, such the cylinder of a steam engine, air vesscAs for forcing pumps, 
(Sec., &c., they arc carried ou from draAvbigs principally, and require a poAverful 

, circular crane for the operations. »The moulding ’is the same as modelling in 
clay or loam, the charge of metal for the casthig requires to be rdn from, an 
air-furnace, as in general a cupola could not hold it, and instead of being 
carried to the mould in ladlps, is ijxn in a gutter of saud from the top hole of 
the furnace to the gate of the mould. , , 

122. Patterns £|,re never, made in single pieces when it* can bo avoided, 
but in two lialves put tegether with steady-pins, the object of this arrangement 

Y 



is to (limiuisk the difficulty of taking tlic pattern out of the moulds, as they are 
so idaced in the boxes that the joining is horizontal, and on separating them 
one-half the pattern remains in each box. The surfaces of patterns should be 
very smooth, and the lower part tJiat is to sink into the sand, smaller in a slight 
degree than the upper, that it may become immediately detached from the sand 
on beiiig raised in the slightest degree. 

Different kinds of iron contract in diffenuit degrees m coonng, No. 3 most 
of all j so that it is of iinportauce in making pattenis that an allowance bo 
made for this coutrucliou. ^Thc average that is made is one-eighth of an inch 
to each foot of extension for medium or No. 2, this being rather too much 
foi’ No. 1 smd not quite enough for No. 3. 

The weight of castings iilay be approximately ascertained by weighing the 
])fittcm and multiplying that weight by ]1'4 if of light wood such as deal, or by 
10’8 if of harder wood, such as tooTi. r 

123. The specific* gi’.'ivity yf cast-iron is 7‘207* a cubic foot, weight 4 j 0 
lbs., and tx .sujxcrficial foot one inch thick, weight '671 lbs. 

124. Tlic fatal consequences that might result from the use of tijuber for 
supporting heavy buildings, cither in case of fire or of decay, have often been 
foreseen, hut in fgw instances it has happened that where iron has been used 
for greater security against fire, the structure has failed from want of strength. 
Such failure^'havc not occurred from any defect in the material itself ; for it 
loo often happens that such works are conducted by persons of little experience 
and less scientific knowledge*. Men of little experience too frequently imagine 
ibat a large piece of iron is almost of infinite strength ; and they often have a, 
like indistinct notion of pressure. They design to please the eye, without regard 
to litru’ss, strengtli, <x durability, instead of ornamenting a §upport, they make 
th(j siippoit itself the ornaiuent, and sacrifice every thing to lightness. of effect. 
The dimensions of the most important parts »f structures are too often fixed by , 
guyss or fthance ; and the person who _ calculates the value of materials to the 
fraction of a penny, seldom if ever, attempts to estimate their power, or the 
stress to which they will he exposed. 

^yhen,it is considered that it is absolutely necessary that the parts of n 
building or a machine should preserve a certaip form or position, as well as 

• • * Dr. TboswYoung, Natural Philoaoplijr, Yol. 11, page SOS. 
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that they should bear a certain stress, it will become obvious tligt something 
more than the mqro resistance to fracture should be calculated. In casus where 
the parts are short and bulky, it may do very well to employ the rules for 
resistance to fracture, and make the parts strong enough to sustain four times 
the load, but such cases rarely occur ; and Avherc long pidccs arc loaded to one- 
fourth of their strength, we may expect most flexure, vibration and instability ; 
1 think every one, who carefully examines the subject, will feel satislied that 
the measure of the X’osistance of i. material to flexure, is the only ]>roper mea- 
sure of its resistance, when it is to be applied where perfect f rin or nrialccrable 
position is desirable ; and the mciisure of its re.sistance to pennanem altera- 
tion when it is uspd, where flexure is not injurious nor objectionable. 

I must not omit to remark, that cast-iron when it fails gives no iraniing 
of its approaching fracture, which is its chief defect when employed to sustain 
weights or moving forces ; therefore care .should be taken to give it sullicient 
sti’cngth. And it will be obvious, from the jircceding remarks, how much its 
strength depends upon the .skill and experience of the founder. 

STllENGTIl AND STRESS OF IRON. 

125. The following Tables and. Explanations refer to the strength and 
.stress of wrought and cast-iron, are based on the experiments of Trcdgold, 
Harlow, Rennie, M. S. J3iwn, and the rules and deductions resulting from 
them. 



TABLE I. 

A TaUe of the Depths tf Sqmrc Beams or B.ars rf Cast-iron of different hvgtls, to sustain Weights* of from one Cwt. 
to 500 Tons, ithen supported at the ends and loaded in the middle, the deflexion not to exceed "f 
foot in length, # 
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• The welgiit at ths load to be supported, most include the weight of the beam. To and the weight of a beam, multiply the area of the section in inches by the 
lei^th In feet and by 3*2, which will give the weight in lbs. 
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If the depth (rf a cast-iron bar be mnltiplied by 0*937, the product will be the depth of a square bar of wnnieht-iron of equ^ stiffness. 
If the depth of a cast-iron beam be multipUed by 1*83, the product will be the depth of a s<iuarc beam of teak of equal stiffness. 
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TABLE II. 

A Table to shoto tJie weight or pressure a Cylindrical Pillar or Column of Cast-iron wUl 
• sustain with safety^ in hundred weiglds. 


Length 

or 

height. 

2 fl. 

4 ft. 

G ft. 

8 ft. 

10 ft. 

12 ft. 

14 ft. 

16 a 

18 ft.* 

20 ft. 

22 ft. 

24 ft. 


Diame* 

ter. 

Wt. 

Cwts. 

Wt. 

Cwts. 

Wt. 

Cwts. 

Wt, 

CtrW- 

Wt. 

Cwts. 

Wt 

Cwts. 

Wt 

Cwts. 

Wt 

Cwts. 

Wt. 

Cwts. 

Wt 

Cwts. 

Wt. 

Cwts. 

Wt. 

Cwts. 

Diame- 

ter. 

1 In. 



8 

d 

3 

2 

• 

2 

‘ 1 

1 

1 

0 

0 

1 

In. 

li „ 


36 

28 

19 

16 

12 

9 

7 

6 

5 

4 

3 


57 

2 „ 

82 

72 

60 

49 

40 

m 

32 

26 

22 

18 

15 

13 

11 

2 

55 

31 „ 

‘ J29 

119 

105 

91 

77 

65 

55 

47 

40 

34 

29 

25 


55 

3 „ 

188 

178 

163 

145 

128 


97 

84 

73 

64 

56 

.49 

3 

55 

» 

257 

247, 

232 

214 

191 


156 

135 

119 


94 

83 

84 

55 

4 ,, 

337 

.026 

310 

288 

266 

242 

• 

220 

197 

178 

160 

144 

130 

4 

55 

4i „ 

• 

429 

418 


379 

354 

327 

301 

275 

231 

229 

208 

189 

44 

55 ^ 

3 « 

530 

522 

501 

479 

452 

427 

394 

365 

337 

310 

285 

262 

5 

55 

6 „ 

616 

607 

592 

573 

550 

525 

479 

469 

440 

413 

386 

360 

6 

55 

7 1. 



]V)13 

989 

959 

924 

887 

848 

808 

765, 

72*5 

666 

7 

55 

8 „ 

1344 

1033 

1315 

1289 < 

«1259 

1224 

1185 

. «• 

1142 


1052 

1005 

959 

8 

55 

.» » 

1727 

l716 

16B7 

1672 

,1640 

• 

1603 

1561 

1515 

1467 

1416 

1364 

1311 

0 

5) 

10 „ 

2133 


2100 

I 2077 

2045 


1964 

1916 

1865 


1755 

1697 

10 

55 

11 « 

• 

2580 

« 

2570 

2550 

2520 

2490 


2410 

2358 

2808 

2248 

4r 

2182 

2127 

11 

51 

13 » 

• 

3074 

8050 

3040 

8020 

• 

2970 



288P 

2780 

• 

273(X 

♦2670 

2600 

• 

12 

55 
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EXPLANATION OF THE* FIRS'J TABLE. 

• 

126. The first table shows, by inspection, the dimensions of square beams 
to sustain weights* on pressures of firom one hundred weight to 600 tons, so as 
not to be bent or deflected in the middle more than one-fortieth of an inch for 
each foot in length. ■> 

The length is the distance between the supports, as ^ figure 4, plate 4, 
and the stress, whether it be from weight or pressure, is supported to act at 
the middle of the length, as at C in the figure.. The breadth and depth 
are supposed to be the same in every part of the length, and equal to one 
another. . , 

The horizontal row of figures at the top of the ‘table contains the lengths 
in feet. 

The columns at the outsides contain the weights in cwts. and tons, and 
the second column, on the left-hand side, contains thef weights in pounds 
avoirdupois. 

The horizontal row of figures at the bottom shows the deflexion for each 
length. The other columns show the depths in inches. 

EXPLANATION OF 'PHE SECOND TABLE. 

, 127. The second table shows, by inspection, the weight or pressure a 
cylindrical pillar or column of cast-iron will bear with safety. The pressure 
is expressed in cwts. and is completed on the supposition that the pillar is 
under the most unfavorable circumstances for resisting ^e stress, which hap- 
pens, when from settlements, imperfect fitting, or other causfes, the direction of 
the stress is in the surface of the pUlar A A\ as shoym in figure 5, plate 4. 

The horizontal i;ow of figures* alons the top of the table contains the 
lengths or heights of the pillars in feet. ^ 

The outside vertical columns of the table contain the diameter of the 
pillars in inches. • , 

The other vertical columns of the table Show the weight in cwts. which 
a cast-iron pillar, of the heights ^t the top of the column and of the diameter 
in the side cojumns, will support with safety} consequently of tjbe'hmghl, the 

2 a 
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diameter a»d the weight to,be supported, any two being given, the other will 
bg found by inspection. 

EXAMPLE AND USE OF THE TABLEST 

128. Example 1. — To find the depth of a square bar of cast-iron, twenty 
feet in length, that would support ten tons, the deflexion not exceeding half 
an inch. 

Find the column in table I., which has the length twenty feet at the top, 
and in that column, and opposite to ten tons in either of the side columns, will 
be found the proper depth for the bar, whiph 9’8 inches. 

If the depth 9’8 be multiplied by 1'71, it will give the depth of a square 
beam of fir that would support the same load with the same deflexion. Thus 
l’71x9’8=16‘76 inches nearly the depth of the fir beam. 

If the depth of a teak, beam be required, multiply by 1*83 ; thus 
1 *83 X 9*8=: 17*93 inches is the depth of a teak beam. 

Example 2. — Let it be required to find the depth of a square cast-iron 
bar to support ten tons without more deflexion than one-tenth of an inch, the 
length being twenty feet. 

By examining the deflexion for twenty feet at the foot of the column in 
table I., it be found five times one-tenth of an inch, hence take the depth oppo- 
site five times the weight or fifty tons, which is 14*6 inches, the depth required. 

When a bar or beam is eniployed to support a load in the middle, or at 
any other point of the length, a great saving of the material is made by making 
the bar thin and deep^.provided it be not made so thin as to break sideways. 

The depth of a beam is sometimes limited by circumstances, and as no 
proportion could be given that would suit for every purpose, it is left entirely 
to the judgment of the person who may tfse the talde. ,iBut there is a limit to 
the depth, which, if it be* exQpeded, renders the use of cast-iron for bearing 
purposes very objectionable and dangerous, where the load is likely to acquire 
some degree momentum firom any pause; for if the deptii be increased it 
renders a beam rigid or nearly inflexible, and then a comparativdiy small impul- 
sive force will break it. ‘ A very rigid beam resembles •a* hard body: it will 
bear an imiA^e pressure, but the str^e of a small Iiammer will fracture it. 
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In order to mark the point where the depth has a,rrived at that proportion 
of the length which makes it become dangerously rigid, I have ’stopped the 
column of depths at that point, and should it be required to sustain a greater 
weight, the breadth must be increased instead of the depth.* 

EXAMPLE OF THE USE OF THE SECOND TABLE 


129. Example 3. — Lot it be required to support the floor of a ware-house 
by iron pillars, where the greatest load on any pillar will be 70 tons, the height 
of the pillars being 14 feet. 

Seventy tons, is equal to 1,400 cwts., and in the column having 14 feet at 
the head, in the second table, l,5(ircwta. is the nearest weight, and the diameter 
opposite this weight in the side column is 9 inches, the diameter required. 

If it be wisjied to approach nearer to the proportion, take the mean 
between tilfe weight above and that below 1,400, that is ^he mean between 1,561 
and 1,185, which is 1,373 or nearly 1,400; h*ence it appears that a little more 
than 8^ inches would be a sufficient diameter, but it is seldom necessary to 
calculate so near. 

When pillars are placed at irregular distances, that which carries the 
greatest load should be calculated for„and if it happen that Such a pillar stands 
10 feet from the next support on one side, and 6 feet from the next support on 
the other side, add these Stances together, and take the mean for’the distance 


apart; thus — 


10+6 16 
-2 - - 


the mean distance of the supports. 

There are twp means of increasing the strength of a> beam; the. one con- 
sists in disposing the parts of the ‘cross section in the most advantageous Ibfrm; 
the other, in diminishing the beam towards the ^rts that are least strained, so 
that the strain may be equtd in every part of th^ length. 

If a weight be uniformly distributed over the length of a beam supported 
at both ends, -and the breadth be the same th?roughout, the line bounding the 


• The effect of if Ifled uaMbnnly djptrlbttted over the leoath. is to he eoo«dere4 equal to that of half 
' the load ooUi^ted at the middlfi point. 



compressed side should be a semi-dlipse whm the lower side is,strsight,t as 
shown in figure 6, plate 4. * " > 

When a rectangular beam is supported at ends and load^ ip. any 
manner between the supports, it may be observed |hat the side ag^st .^hich 
the force acts is always compressed, and that the opposite side is always extend- 
ed, wMle at the middle of the depth there is a part which is neither ^tended 
nor compressed, or in other words, it is not strained at nil. 

In almost all substances the fracture shows distinctly that a part has been 
extended and the rest compressed; and in some substances, as wood, lead, tin, 
wrought-iron, &c., the plate of the axis of motion xnay be observed in the 
fracture. 

STRAINS ON WEOtfQHT-IRON. 

130. A bolt of Welsh iron, 12 feet 6 inches long and 2 inches in diameter, 
required a strain of 82 tons 15 cwt. to tear it asunder. When subject to a 
strain of 68 tons, it stretched 3 inches, and was reduced to 1-14 iuch in dia- 
meter. When the strain was increased to 74 tons 15' cwt., it had stretched 
6 inches, and was reduced ^ of an inch gradually in the diameter. ^ With 82 
tons, it stretched 14 inches. With 82 tons 15 cwt. the bolt broke about 5 
feet from the end, the levers being exactly balanced. It had stretched during 
the whole process 18^ inches, and measured at the place of rupture inch 
in diameter. • 

A bar of cast-iron, Welsh pig If inch square, 3 feet 6 inches long, required 
a strain of 11 tons 7 cwt. to tear Jit asunder; broke exactly transverse, without 
being reduced in any part; quite cold when broken; particles fins, of dark 
blueish-grey color. 

Mr. Barlow, give! the mean of Captain Brown’s experi-* 

ments with wrought«pon, 25 tons. , 

The mean of Mr. Telford’s experiments, 2^ tons. 

• And tke mean of the two ^s , 27 tons jaearly, 

which may be safely assumed as the medium stien^h of in iron bar I 
souaret to resist tension. ■ ' 

* ^ j ' 

• , ' ' ” > / '■ ' ■ ' h’ ' 

* Oregoi^j'l M«Qlau4o% liXXKl;, Gw* ^ 
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In pi^tioe dne^’tliird or 9 tons is the extreme strfdn to which a rod or 
bar of one sectioned inch should be permanently exceed. 

181. " It is found in practice, that a number of small bars thus laid toge> 
ther, will bear a greater propertion of load than a single bar eghal to the sam 
of all their areas. This anomaly is believed to proceed from the greater perfec- 
tion with which small bars may be wrought and prepared than large ones, as 
all metals are improved in their strength by hammering or wire-drawing, so 
the effect of hammering 16 small bars separately will add more to their 
strength than hammering on a large bar equal to the sum of their areas. 
Metals can only be improved in their -strength by hammering or wire-drawing, 
in consequence of, these operations^ forcing their constituent particles into a 
closer state of aggregation; and this can easily be done in small bars, because 
from their want of re-action, th^ yield to every blow of the hammer, and its 
effect is transmitted through their whole substance, while the re-action of a 
large and heavy bar opposes this effect, and the, condensation is more confined 
to the sur&ce. A number of small bars acting simultaneously, are ^erefore 
found to produce more strength than one large bar equal in size to their sum. 
It likewise'explains why a faggotted bar of iron should be stronger than one 
that Jhas not undergone the operation. 

A bar of Swedish iron 1 inch square and 3 feet between the bearings, bore 
a load of 560 lbs. in the middle, and was deflected by it | inch.* 

With 716 lbs. the deflection was ; -375 inch. 

With 884 -5 inch. 

Being then relieved of its load, the bar resumed a rectilinear form. 

With 1,120 lbs. the deflexion was 1 inch, and the elasticity of the bar was 

destroyed. , » . 

As a mean, Mr. Barlow states 1,000 lbs. for the load that f^ill destroy the 
« dasticity of a bar o:(wrought-iron,»si|pported at both ends, 1 inch i^uare mid 
3 feet long:between the supports. ^ , • . 

Mr. Barlow does not state at what load Ibxure was first sensible; but if a 
bar was d^ec^ 4^ of an inch by 560 lbs., it may be assumed tl^t it would 
not be safe to load it permanently with more than 280 lbs. Taking therefore 

* BSdtow’f Emy, Srd e^U9D, page SJS. 

2 B 
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280 11)8. %s^thc strain that a bar of iron 3 feet long and 1 inch square will bear 
without injury, a bar 1 foot long and 1 inch square will beer 840 lbs. in the 
middle, or say 800 lbs. as a more convenient number for calculation, and on 
the* safe side, since it will give a somewhat grenter strength. On these data 
the following rule proceeds : 

132. To find the proper diameter for a round wrought-iron bolt at rest, 
supported at both ends and loaded in the middle. 

Rule. — ^Multiply the strain in pounds by the length of the bolts in feet 
between their supports, and divide the product by 800. The cube root of the 
quotient is the proper diameter for the bolt.* If the bolt is to be loaded uni- 
formly over the length instead of in the middle, then divide* by 1,600 instead 
of 800. 

Example. — In the Menai Bridge, each of the bolts, that retain the 16 
chains, must bear 125 tons, since the whole strain on the chains may amount to 
about 2,000 tons. Tbs length of each bolt between its bearings against the 
rock, is J.8 inches, and the chains are disposed along that length ; therefore the 
divisor will be 1,600. 

Then ; 

( Strain in lbs.=: )2,80,000 lbs. X 1*5 feet zz 262‘5. The cube root of which 
is inches for the diameter of the bolt; the actual diameter is 6 inches. 

The foregoing rule is adapted to proportion the strength of a bolt to bear 
3| times the strain it is exposed to, before losing its elasticity, and will give 
sufficient strength for the retaining bolts of Suspension Bridges which are at rest. 

OF THE STRENGTH AND DEFLEXION OF CAST-IPHTI WHEN IT 
RESISTS PRESSURE OR WEIGHT. 

133. The doctrine of *l9ie sti^ngth of materials rests upon three first » 
principles^ and* these are abuq^dantly proved by experience. 

The first is, that the strength* of a bar or rod, to resist a given strain when 

drawn in the direction of its length, is ffirectly proportional to the area of its 

♦ • 

* Bocanstfthe strength of bars of iron is inversely as the Imigth, and directly as the breadths and 
squares of the depths! and therefore, when the bars are ^und^»^ strengths Sre as the cubes of the 
diametcir. 
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cross section; while its elastic power remains perfect and the direction of the 
force coincides with the axis. 

The, second is, that the extension of a bar or rod by a force acting in the 
direction of its length, is directly proportional to the straining force, when the 
area of the section is the same'; while the strain does not exceed the elastic 
power.* , ■’ 

The third is, that while the force is within the elastic power of the mate- 
rial, bodies resist extension and compression with equal forces. 

It is further supposed that every part of the^amc piece of the material 
is of the same quality, and that there are no defects in it. If there be any 
material defect in a piece of cast-irqp, it may often be discovered, either by 
inspection, or by the sound the •piece emits wheft struck ; except it be air- 
bubbles, which cannot be known by these means. 

A free weights or mass of matter is always to be considered to act in the 
direction of a vertical line passing through its centre of ^avity ; and its whole 
effect as if collected at the point where this vertical lino intersects the beam or 
the pillar, which is to support it. But if the weight or mass of matter be par- 
tially sustained, independently of the beam or pillar, in any manner, then the 
direction and intensity of the force must be found that would sustain the mass 
in equilibrium, and this will be the direction and intensity of the pressure on 
the beam or pillar. 

The strain upon a beam supported upon a fulcrum, as in figure 7, plate 4, 
is obviously the same as when one of the ends is fixed in a wall, or other like 
manner, for fixing the end merely supplies the place of the weight otherwise 
required to balance the straining force. But though the.strain upon the beam 
be the same, the de^exion of the point where the strain ii appUed will vary 
according to the mode of fixing the*end ; because the deflexion of the strained 
^int wiU be that produced by the ourvature of both the parts A Band BA'.f 


* This llnut riiould be carefuUy attended to, for as soon sa Uw strain exceeds the elastic poww, the 
rtuotaity of the materid becomes seninble. The degrees of dnetiUty are extremely Tenable in different 
bodies, and even in different slates of the same body. A fluid i>08sea8es this |^perty in the grwtest d^, 
for every change in thie relative position of its parts is permanent: • 

t This is a practical'deductiof ftmn an ahstruse algebnucal MOcnlation which is omhted, but may be 

found in “ Tredgold on Cast-iroor P- 1 ^* 
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When<the same beam supported at the ends, as in figure 8, instead of 
being loaded at the ends, and supported in the middle, as in figure 7, and the 
inclination and sum of the load be the same in both positions, the strains will 
be the' same. 


PRACTICAL RULES AND EXAMPLES. 

134. IlULE 1. — To find the breadth of an uniform cast-iron beam, to 
bear a given weight in thei middle. 

Multiply the length of bearing in feet by the weight to be supported iii 
pounds and divide the product by 860 times the square- of the depth in inches ; 
the quotient wiU be the breadth in inches required.* 

RuiiE 2. — To find the depth of an uniform cast-iron beam, to bear a given 
weight in the middle. • 

Multiply the length of bearing in feet by the weight to be supported in 
pounds,' and divide this product by 850 times the breadth in inches; and the 
sqixare root of the quotient will be the depth in inches. 

When no particular breadth or depth is determined by the nature of the 
situation for which the beam is intended, it will be found sometimes convenient 
to assign some proportion; as for example, let the breadth be the nth part of 
the depth, li representing any number at will. Then the rule becomes. 

Rum: 3. — Multiply n times the length in feet by the weight in pounds; 
divide this product by 850, and ths cube root of the quotient will be the depth 
required : and the breadth will be the nih part of the depth. 

It may be remarked here, thjit* the rules are the same for inclined as for 
horizontal beams, vWien the horizontal distance figure.8, is taken for the 
length of bearing. 

135. Example 1. — In a situation wh€re the flexurei of a beam is not a* 
material 'defect, 1 wish to suppeu't a loa^ which cannot exceed 33,600 lbs. (q||. 
15 tons) in the middle of a cast-iron beam, the distance of the supports being 
20 feet-, and making the breadth a fourth j)art of the depth- 

If the bar is to be of wroaght-iroxii 4iTide hf 952 inatpod of 850* 

• *lf the beam be^of tfiak^ divide by 212 instead of 850. * 
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In thiapcase 

. . n = 4 and = 3162-35. 

The cube root of 3162-33 is nearly 14*68 inches, the depth requirxid 
the breadth is • ' • 

= 3-87 inches. 

In practice therefore I would use whole numbers, and make the beam 15 
inches deep and 4 inches in breadth. 

When the load is uniformly distributed over the length of a beam, which 
is supported at both ends. 

In this case tjie same rules apply as in Art. (134,) by making the divisor 
twice 850, or 1700. 

Example. — In a situation where I cannot make use of an arch for want 
of abutments, it is .necessary to leave an opening 15 feet wide, in an 18 inch 
brick wall; required the depth of two cast-iron beams to .support the wall over 
the opening, each beam to be 2 inches thick, and the height of the wall intend- 
ed to rest upon the beam being 30 feet? 

The wall contains — 


. 30 X 15 X 1^ 675 cubic feet. 

and as a cubic feet of brick-work weighs about 100 lbs., the weight of the wall 
win be about 67,500 lbs., and half this weight, or 33,750 lbs., will be the load 
upon one of the beams. Since the breadth is supposed to be given, the 
depth will be found by Rule 2, Art. 134, if 1700 be used as the constant 


divisor, thus— 






The square root of 149 is 121r nearly, therefore each beam should be 12^ 
» Inches deep and 2 ujehes in thickness. This operation gives the actual strength 
necessary to support the wallj bdt it is usual t» take double 'the ‘calculated 
weight in practice, to allow for accidents. 

In this manner the strength proper for bressummers, lintels, and the like 
may be determined. 

186. A fiifeqproof floor ^ usually formed by placing pkraUel beams of 
cast-iron across the awa in the shortest direction,, and arching between the 

2 c 
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beams as shown by figure 10, plate 4, with brick or other suitaUe material. 
Or they may be done by flat plates of iron resting on the ledges, with one or 
two courses of bricks paved upon the iron plates ; and when the distance of the 
joists is considerable, the iron plates may be strengthened by ribs on the upper 
side as the floor plates of iron bridges are made. 

When arches are employed, floors of this kind are least expensive when the 
arches arc of considerable span, but then it is necessary to provide against the 
lateral thrust of the arches by tie bars. Also since the arches ought to be flat, 
we can only extend them to a limited span, otherwise they would be too weak 
to answer the purpose. For instance when an arch is to rise only..j-Vth of the 
span and to be half a brick or 6 inches thick,* the greatest span that can be 
given to the arch with safety in a floor for ordinary purposes is 5 feet. If the 
arch rise only yVth of the span, the span must be limited to 4 feet ; and if it 
rise only i-yth of the span, it must be limited to 3 feet. , 

Again for arches of one bnck, or 12 inches, to bear the same load, and the 
rise -fVtll of the span, tlie greatest that can be given with safety is 8 fcot,f 
when the rise is iVth of the span, 7 feet; and when the rise is only -jVth of the 
span, the greatest span should not exceed 5 feet. • 

These limits were calculated from the ordinary strength A brick, and on 
the supposition that the load upon the floor will never be greater than 170 lbs.* 
upon a superficial foot, in addition to the weight of the floor itself. K the 
load be greater, the span must bo less, or the rise greater. 

For half brick arches the breadth of the beam c rf, figure 9, should be about 
2 inches; and for 9 inch arches from 2^ to 3 inches. 

Example.- — It is proposed to form a fire-proof room, but frgm its situation 
it cannot be vaulted* in the ordinary way on account of the^ strong abutments 
required for cbmmon vaulting, and also common vaulting is objectionable, 
because so much space is lost'in a low roopi.«. The shortest direction across the , 
room is 12 feet, and if iron b^ams of 3 mches4)readtb be laid across at 5 feet 
apart, and arched between with 9 inch briCck arches, it is required to find the 
depth for the beams? See figure 10, plate 4. 


* Rad. of Chtv. S'Ta ift*. 
t Bad. of Carr. R!'6 Itet. 
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The quantity of brick-work resting upon 1 foot in length of joist will be — 
5 X *75 — 3*75 cubic feet. 

and the weight of a cubic foot being nearly 100 lbs., the weight of the brick- 
work will be' 375 lbs. 

But since the space above is to bo used; and the greatest probable extra- 
neous weight that will bo in the room will arise from its being •filled with people, 
we may take that weight at 120 lbs. per superficial foot, and wc have 

5x120 =600 lbs. 

for the weight on 1 foot in length. And supposing the paving and iron to be 
350 lbs. for each foot in length; the whole load on a foot in length, will be — 

375 -t-60(l-|l350 = 1235 Ibfv or 


12X1325= 15,900 lbs. 

the whole weight upon one joist. And as half this weight multiplied by the 
length, and divided by the breadth and constant number,* is equal to the square 
of the depth, we have 

7950X12 _ 47.11 
«i75X 3 — 

of which the square root is nearly 7 inches the depth required, and 

7 X '7 =^'9 niches 


the depth of the middle part, and 

3x-4=l-2 

the breadth of the middle part. 

By fixing the breadth, you avoid the risk of calculating for a thinner beam 
than is sufficient to support firmly the abutting course of bricks. 

By means of t^ia example we may easily form a small. table of the depth 
of Wma for fire-proof floors, which* will be often useful in so doiftg. I shall not 
.regard the difference between thu weight of a *12 inch and a 6 inch floor, 
because the lighter floor will be nabre liable to accidents from percua^n, and 
therefore should have excess of stren^h. 


* Determined from a Rule, with Algebraical formula attached, for finding the depth of a b,eam to 
rewat a giTen force wkon fie atriOa do# not exceed tl»e elaatio force of coat-irtm. « Tredgrfd on 

Cast-iron,*’ p. 181. ** * . . < • * 


a 
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157. Table of cast-iron joists for fire-proof floors when the extraneous 
load is not greater than 12(rib8. on a superficial foot. 


« 

Lonf'th of 
«loist.s in Feot. 

Half brick archcB, breadth of beams 2 inches. 

% 

12 inch arches, breadth of beams 8 inches. 

3 Feet Span. 

4 Feet Span. 

5 Feet Span. 

• 

6 Feci Span. 

7 Feet Span. 

8 Fcot Span. 


Ik'pth in 

•Depth in 

Depth in 

Depth in 

Deptli in 

i 

Depth in 

♦‘Cl. 

inches. 

inches. 

inches. 

inches. 

iucht'S. 

inches. 

8 


54 

5f. 

54 

• 5| 

0 

10 


* 64 

7 * 

64 

74 

74 

12 

n 

7| 

H 

n 

84 

9 

14 

n 

9 

10 

94 

• 10 

104 

10 

9 • 

104 

114 

104 

114 

12 

18 

10 

HI 

12f 

111 

13 

134 

20 

lU 

13 

14 

13 

144 

15 

22 

124 

144 

154 

144 

15| 

164 

24 

• 134 

15i 

17 

• 

154 

17 

18’ 


For half brick arches the breadth a b, (figure 9, plate 4,) is to be 2 inches, 
and the thickness of the middle part -/jyths of an inch, the depth of being 
of the whole depth, and the whole depth is given irj inches in the table for each 
length and span. , 

For 12 inch arches the breadth ab, (figure 9,) is to b’e 3 inches, and the 
breadth of. the middle part Inncli and -jV^hg. The depth -j^ths of the whol<* , 
depth, as. in the (> inch arches. 

If the floor be for a room of 'greater fepan than about 16 feet, let the beams 
be put H feet apart ; and put the beams for 8 feet bearing acrosa at right angles 
to the other, in the manner of binding jbists, and arch* between the shorter 
beanis. By casting the shorter beams with flapehes at the.onds, they can be 
bolted Jo the other, and a complete firm floor be* made.*. This method has also 
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the advantage of rendering it extremely easy to fix either a wooden floor or 
a ceiling. 

The construction of these floors renders a place secure from fire without 
loss of space, and with very little extra expense ; it may be of infinite «sc 
in the preservation of deeds, libraries, and indeed of every other species of pro- 
perty. In a public museum, devoted to the collection and preservation of the 
scattered fragments of liferaturc and art, it is extremely desirable that they 
should be guarded against lire ; otherwise they may be involved in one common 
ruin, more dreadful to contemplate than their widest dispersion. 
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CHAPTER VI. 


TIMBER. 


XATUKE and PROrERTIES. 

138. *TnE structure of wood, ana tne nature of the vessels throupi:li which 
the fluids move in the living plant, are not thoroughly understood: indeed tlie 
study of vegetable anatomy is attended with considerable difficulties > but some 
important facts have been ascertained which contribute materiallv towards a 
more perfect knowledge of the nature and properties of wood. 

Wood appears to be composed of various vessels, which iif the living tree 
convey the fluids necessary to its growth ; between those vessels there are cells 
interposed. The vessels in the growing tree are intended to convey a watery 
fluid called the sap, from the roots to the leaves, when it arrives at the leaves 
it undergoes certain changes, and returns through the bark; and the bark being 
expanded by this accession of moisture, rises from the wood, and leaves a cavity 
that becomes fiUed with the proper sap, which gradually h&rdens and fonns a 
new layer of wood. 

The .sap which rises through the wood 'from the roots, is very different in 
its* nature from' that which desefends thfough the bark to form a new layer of 
wood. That which ascends is neaiiy as liquid as water, and is galled the com- 
mon sap. It has in general a sweetish taste, and contoins'^ugar and mucilage; 


* Tre^okL 
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it always contains an acid, sometimes in a free state^ sometimes confined with 
lime or potash. IVhcn tliis sap is left to itself, it soon ferments and becomes 
sour; and when the proportion of sugar is considerable, it will undergo the 
vinous fermentation. The descending sap called the proper sap, differs’ so 
considerably in different trees, and is so difficult to procure in a separate 
state, that its properties have not been much examined. , 

That part of the wood next the bark is called sap-wood, because it is 
through it chiefly that the sap ascends, and as it is shown to contain some 
vegetable matter to be expanded in. forming leaves and buds, it is reasonable to 
suppose that the sap-wood must be more prone to decay than the internal part 
of the tree, called tjbe heart-wood. 

As trees increase in size, the *)ldest part of the sap-wood gradually loses 
all vegetable life, and the more fluid parts of it are cither absorbed by the new 
forming sa])-wJbd, pr evapomted ; its vessels and cells become closed by the 
]>rcssure of t]\e new forming wood, and it ceases^to perform any other part in 
the growtli of a tree than to support it. When these changes have taken place, 
it is found to be more compact, and generally of a darker color; and also con- 
tains only a small proportion of vegetable matter. It is then heart-wood, or 
Avcjod^in its most perfect state. The sap-wood is softer and generally lighter 
colored than the heart-Avood, and contains u considerable portion of vegetable 
niattcsr, which pffcakes of the nature of the sap, and which ascends through it. 
It is found to decay rapidly, and is also very subject to worms. The reason is 
obvious, for it contains the food which they live upon, the most of which is 
absorbed or evaporated from the heart-wood. 

FELLINa. 

% 

139. To the timber-grower object aimed'at should be that of obtain- 
ing the largest quantity of hard aira durable ’«^ood,.a3 free from sa^as ]possibl§ : 
no tree should be severed from its stool until it has arrived at a state of 
isaaturity, and previous to its being ^thrown down, the natural juices which 
pervade it should be discharged and allowed to run out, that the /i^woo^ niey be 
freed from what Would bring al¥)Ut premature decay, and prevedt its becoming 
dry and hard* 
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Bar]$ing” the tree whilst in a growing state, and cutting through the saft 
or sap'Wood called “ Ringing,” so as to allow the juices to he discharged, are 
practices vf high antiquity, and might be advantageously practised in India. 
Both the density and the strength of timber are much improved by causing the 
tree to die standing ; and most persons have agreed that barking the timber, 
previous to felling, greatly improves its quality. When a tree has an incision 
made through the sap-wood at its trunk, it soon dies and no further change 
takes place; and the barking of trees, when in full growth and vigour, and 
letting them stand a twelvemonth after the operation, is admitted not only to 
improve the quality but to increase the quantity; at the same time that it 
seasons the wood: time however, is the best seasoner, and no artificial method 
can equal the natural procc&s, which is that •of getting rid of all juices in so 
regular a manner, that dissipating them does not too rapidly slmnk and crack 
the timber. Trees may be suffered to stand too long before. they are cut down; 
but this is not a usual fault, for often they are marked ibr felling, the heart- 
wood not having either acquired its hardness or its fuU quantity. 

AH timber in India is felled during the cold weather, though in the case 
of Saul, which is an evergreen, its bark wiR peel as freely from a tree felled in 
June, as from onp cut in December. 

The Natives have a bad practice oftfeUing with the axe, whereas the saw 
should be u^ed instead. 

SEASONING. 

140. •Nothing more effectually contributes to this purpose than sufiering 
timber to lie for a time in fresh water; thus the natural juices of the tree are 
removed by tl}e water penetrating throughout its pores v this not containing 
any quality to produce fermentation, and 6eing afterwards easily evapo^ted, 
tends to improve it for building purposes: ^alt-water, on*the contrary, would* 
require a cottisiderable time 1^} evaporate from the wood, in consequence of its 
deliquescence, and would render it unfit for use : when taken out of the water, 
it should be suffered to become thorougbly dry before it i^ earned to the pit tb 
be sawn ; .the ’wual method adopted is to blo<^ it up from the ground, and suffer 
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a free circulotion of air around it. When the tr^e is cut into scantlings, a 
further seasoning* should be permitted by a free exposure to air, guarding 
against too violent an effect of wind or the sun’s rays, and if it be cut into 
boards, they should be piled one on the other, with ffllets or small pieces of 
wood between them, or laid in a triangular form, with their ends alternating 
so as to permit the air t 9 pass freely about them. ■ 

Gradual drying should always be resorted to, as it invariably produces the 
most durable timber, the object of seasoning being chiefly to drive off the water, 
and not to disturb any portion of the carbon, which would certainly be the 
consequence of elevating the temperature of the wood, or exposing it to great 
heat. Timber dried too quickly losgs its toughness as well as its pliability ; the 
outer pores become rapidly contrticted, and do ndt permit the moisture from 
within to pass off freely. 

Experiment has proved that saul when seasoned properly, has lost rather 
more than two-fifths of its weight, showing the necessity bf allowing a sufficient 
time for the juices to be thoroughly driven off, which time must vary in pro|x»r- 
tion to the scantling of the timber, if cut into thin planks, the operation of 
seasoning '^ould be perfected in quicker time than that which would be neces- 
sary »for the entire tree. All timber should be permitted to arrive at this dry 
state before it is cut into smaller scantlings or planks; great shrinking being the 
consequence oftneir suddenly drying by exposure to the air, which, by disturb- 
ing the fibres of the wood, affect its durability. 

Where posts or piles are to be driven or plunged into the earth, it has 
been from the earliest time customary to char the surface to be placed under 
ground : but to apply this practice to green timber is injurious, as it confines 
within, rather thap^ expels these juices, which by fermenfing cause its decay ; 
it may be serviceable in destroying* any fungi or wprms that may attach them- 
I selves, or prevent their preying upin the -fibres of the wood. 

141. Timber, when properly seasoned, stiong, tough and el^tic; hut 
it does not long retain those properties in any state or situation. Timber is 
generally employed in situations wh^e it is continually diy, where it is con- 
stantly wet, where it is alternately wet and dry, or where it is exposed to. heat 
and continued mdisture. Timber that is constantly dry, or aifected only by 
the BTnn.11 quantity of mtJisture it absorbs from the air in damp'weath’er’ has 
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been knowik. to last for seven or eight hundred years ; but even in this state, 
time produces a sensible alteration in its properties ; for it is •found to lose its 
elasjtic and coherent powers gradually, and to become brittle. Hence it is unfit 
to sustain the action of variable loads, though in a state of rest it may endure 
an immense length of time. 

The well-seasoned timber employed by the carpen^prs of the middle ages, 
in the old English halls particularly, as well as in Churches and Chapter-houses, 
needed neither paint nor dressing of any kind to preser *e them; and in many 
instances tlicy arc found ^ound after four or five centuries. The weather- 
boarding of our English barns, which, in many instances, is of undressed tilm 
timber, owes its duration to a hard external, surface, which it acquin® by time, 
and 'which resists almost the edge of a sharp fool, or the point of a nail, appa- 
rently a coating of silica, quite impervious to water, or even the action of 
moisture; this silica may be derived from the decomposition of the Avheat-straw 
with which the barns dre usually thatched. 

142*. When the Engineer or the carpenter selects timber for the purposes 
of construction, due regard must be paid to its firmness, density and strength, 
without which qualities no solid or durable works can be executed. * Thci great 
Aveight Avith which timber is sometimes loaded, placed vertically or horizontally, 
sIioAVs at once the caution which should be used in its selection, and when it 
if, exposed to the action of the air, the necessity of having it so seasoned and 
j)rotected, that it should not be subject to decay. Wlien employed in the forma- 
tion of centres to the arch of a bridge, durability for a time only is required, 
but in permanent roofs and floors it should be capable of resisting all eiforts 
Avhich may destroy its utility or strength; its warping and shrinking in edifices 
entirely formed of*it lead sometimes to the greatest inconveniences, as the 
strength of a truss may be entirely destroyed by this cause. 

143. Quick lime, when assisted by moisibre, has a uowerful effect in hasten- 
ing the decomposition of wood, in, consequence of its abstracting carbon. Mild 
lime (carbonate of lime) has not this effect; but mortar requires a considerable 
time to bring it to the state of mild lime;; therefore, bedding timber in mortar, 
or building it in walls Avhcrc it Avill long remain in a damp state in contact with 
mortar, is very injurious, and often the cause of rapid deljay. Wood, in a 
perfectly dry Asteite does not appear to be injured by dry* lime ; of this we have 
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examples in plastering laths, which are generally found sound and good in 
places where they, have been diy. Lime also prottKJts wood from worms. 

Warmth and moisture are the most active causes of decay, and provided 
the necessary degree of moisture be present, the higher the heat the more rapid 
is its progress. In warm cellars, or in any close confined situations where the 
air is filled with vapour without a current to change it, th(i rot proceeds ■\yith 
a|tonishiiig rapidity, and the timber-work is destroyed in a very short time. 
The bread-rooms of shi]js, behind skirtings and under the wooden floors, or the 
basement stories of houses ; and in general, in every place where wood is expos- 
ed to wannlb and damp air, the dry rot will soon make its appearance. 

144. lluildiBg timber into new walls is often a cause of decay, as the lime 
and damp brick-work are active agents in producing putrefaction, particularly 
where inferior brick-dust is used instead of sand for mortar. 

The bad effects r(,'sulting from damp walls is still farther increased by hasty 
finishimr. To enelose with plastering and joiner's work the walls and timbers 
wliilo titey are in a damp state, is the most certain means of causing the build- 
ing to fall into a premature state of decay. 

1 4o. * There is another cau.se that affects all wood mo,st materially, which 
is tlv^ ajjplication of ptdnt, tar or pitch, before the wood has been thoroughly 
drie,d. Ihe nature of these bodies prevents all evaporation,* and coniines the 
internal moisture, which is the cause of sudden decay.* 

TRESERVATION FROM DECAY AND INSECTS. 

14 G. Various have been the processes resorted to during the last few 
years for preventing decay in timber and with various degrees of success, 
the followi-ig ard ’amongst the most jirominent, but wtatevpr the artificial 
mode of proceeding may be by which the Engineer or Architect seeks to 
* preserve his timber Ih- ^ rot or/inSect, he should first take care that it is 
seasoned naturally, which is, that the natural juices of the tree no longer 
exist in the pores; thus attempts at preservation, should ever succeed seasoning. 

147. Mr. Kyan in 1832, introduced the process of preserving timber from 
decay by a solutipn of corrosive sublimate of mercury, and the^ wood of •ships’ 
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roofs, floors^ railway-sleepers and various other works, have been subjected to 
kyanization. At first the timber was subjected to saturation .only, a consider- 
able time having been allowed to allow of the solution thoroughly entering the 
pores, }jut latterly it was the custom to pile it inside iron tanks, the air being 
exhausted by a pump to a vacuum of 25^ inches of mercury, the solution was 
then admitted, and forced into the wood by a force pump at a pressure of 100 lbs. 
The solution used for the saturation contained 224 Jbs. of the sublimat e to 1,0^ 
gallons of Avatcr or about 1 lb. to 5 gallons, the strength of which was said not 
to diminish by use. 

148. There were objections to the kyanizing process, which of late years 
have thrown it out of use save partial application to timber having continuous 
bearing and not subjected ‘to strains, such as railway-sleepers. It w.as found 
that the mercury considerably impaired the elasticity of the fibres of the wood, 
whilst it increased its hardness, it was besides often prejudicial to the health of 
those who dabbled much in thq solution, and it was also found to be soluble in 
salt water which prevented its further use in the Navy. This process was 
succeeded in 1841 by Sir Wm. Burnett’s, which was chloride of zinc, and is 
decidedly superior in every way both for the preservation of timber, canvas, 
rope, and all articles likely to be attacked by ants or other insects. The mode 
of application is the same as that for Kyau’s solution, but the simple saturation 
does not take so long, 30 days sufficing for the zinc to penetrate a scantling 
10‘^X8'. The liquid from the Galvanic batteries used at the Mint in Calcutta, 
was employed with success in Fort WUliam in saturating timber, canvas, 
bamboos, &c., laid in iron tanks ; it is besides an economical preparation. 

Timber of various^ scantling and bamboos that were immersed in chloride 
of zinc in June and July 1846, were examined in 1852, and^found quite sound 
from rot or wliiite-ant, though piled up in au open shed where the white-ant 
abounds and exposed to alternate heat jaud moisture. Qna piece had been . 
buried in- a fdngus pit for five years, andVas quite sound. So also were 
bamboos, which under ordinary circumstances, decay, or are eaten by the worm 
in two years. 

141). ^ The use of the solution of the sulphate of copper as a preservative 
of wood from decay, was patented by Mr. Margary, in the year 1837, it is men- 
tioned however, by Bran4e in* his Manual of Chemrstry, 4th edition, 1836, 
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(possibly in earlier editions) ; also as a preventive against dry rot, aijd is said to 
be one of the most.efficacious and cheapest re-agents for the prevention of decay 
in wood, and to be moreover a destructive poison to insects. 

For impregnating wood with the solution of the sulphate of copper, a large 
woodeHjl'trough should be prepared about 35 fee^ long x 3 feet square, and 
should be cefvered when in use to prevent evaporation : great care will be necc's- 
sary that no iron shall appear inside the trough as this would cause a deposition 
of metallic copper, but to secure a water-tight condition of the trough, it may b(^ 
strapped with iron outside and well caulked : for stepping small scantlings and 
bamboos, the troughs may be made shorter. 

The process of preserving with^ sulphate of copper consists in steeping the 
substances to be preserved in a solution of the fottomng strength, — sulphate 
of copper 1 lb. to 7 gallons of water, leaving them in it till thoroughly saturated. 
For this purpose aljiow two days for every inch of thickness of the timber. 

From a variety of experiments, it appearat that 50*cubic feet absorb 24 
gallons of the solution, from these data the sulphate being from rupees .10 to 13 
per maund, the cost of the preparation of timber can be calculated. 

The sulphate of copper appears to be a moi’c convenient re-active than any, 
except the chloride of zinc. It forms an insoluble compound in the wood 
and is neither deliquescent nor expensive. As this salt is not volatile the 
health of the workmen is not endangered. It is not acid like the sulj)hate of 
the protoxide of iron and therefore does not attack the fibres of the ’wood. 

1 50. The preservation of timber by creosote or distillation of coal tar, 
has lately been successfully carried out; it was the plan originally adopted by Mr. 
Bethel. When injected into wood, the creosote coagulates the albumen and 
prevents putrefactive decomposition^ the bituminous oil enters the Avhole of the 
capillary tubes, encasing the woody* fibre as with a shield and closing all the 
,pores against both aip and water, ^hc oil is insofublc in water and unaffected 
by any atmospheric change. 

Inferior timber even, or timber cut too young, is by the injection of 
creosote rendered durable and useful. It i^ a great preservative also against 
the teredo worm. 

One process <Jf» injection is.preciscly the same as that for the corrosive sub- 
limate, viz., bv exhaustion of air from the tanks till a vacuum equal fo 12 to 
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1 5 lbs. per gquare inch is created, then follows the injection by a force pump. 
The timber requires to be well and perfectly dry, as the creosote will not enter 
the ix)res if moisture exists. In consequence of which Mr. Bethel constructed 
a drying house for the purpose of more thoroughly getting rid of all moisture. 
(Figures 1, 2, plate 5,) show the longitudinal and cross sections. A .dUdrying 
house with holloAv walls filled with ashes, B fire place, C C flurf, the whole 
length of building covered with iron plates perforated for half the length 
furthest from the fire, to allow the products of combustion to pass through the 
timber on its way to the c(^imney ; D carriages for holding the timber E, that 
is to be creosoted, running on a rail to facilitate the charging and discharging ; 
F iron doors closing the end of the house. 

The timber is thus nOt only dried rapidly, but impregnated to a certain 
extent with the volatile oily matter given out from the fuel used to heat the 
house. When the timber is taken out, it is at once immerijed in hot creosote 
in an open tank, thusr avoiding the use of engine, air, or force-pump. The 
above drying process might be advantageously adopted before applying either 
chloride of zinc or sulphate of copper; and is by no means expensive compared 
with the benefit derived. 

The pieces of timber should be weighed before immersion, and aft§r, as 
each cubic foot is required to be increased 10 lbs. by the process of creosoting. 

When timber is exposed to the alternate action of dryness and moisture, 
the best means of securing it from moisture is the protection of the surface by 
a coat of some substance that moisture will not penetrate. 

151. The Dutch for the preservation of their gates, draw-bridges, sluices, 
and other large works qf timber, which are exposed to the sun and perpetual 
injuries of the weather, coat them with a mixture of pitch and tar, upon which 
they strew small pieces of cockle ai|||^thcr shells, beaten almost to powder, and 
mingled with sea-sand, or the seflj^ of ii»n beaten smpll and sifted, which, 
protects them* in a most excellent nurauer. ' , 

Upon common priming, sanding is. an excellent practice, where it is exposed 
to the weather, being much more durable than painting, as it forms a coat of 
silici^ impervious to moisture. 

152. Th6re is another method of protecting timber, which appears to be 
so wbll* calculated for the purpose, that in cases where 'it can be applied a better 
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cannot be^ employed. After your work is put together, lay it on, the ground 
with stone or bricks under it to about a foot high, and burn wood (which is the 
best firing for that purpose) under it till you thoroughly heat, and even scorch 
it all over; then whilst the wood is hot, rub it over plentifully with linseed oil 
and tar, in equal parts, well boiled together, and let it be kept boiling whilst 
you arc using it; and this will immediately strike and sink (if the wood be 
tolerably seasoned) one inch or more into the wood, close all the pores, and make 
it become exceedingly hard and durable, either under or over water.* 

No composition should however be applied till, the timber has been well 
seasoned ; for to inclose the natural juices of the wood is to render its rapid 
decay certain. « 

163. The bottoms of ships smd timbers exposed to the action of the sea, 
are often destroyed by the pipe- worm or “ teredo navalis” of naturalists. This 
creature is very sn^all when first produced from the egg, but soon acquires a 
considerable size, being often three or four inches in length, and sometimes 
increases to a foot or more in length. Its head is provided with a hard calca- 
reous substance, which performs the office of an augur, and enables it to 
penetrate the hardest woods. When a piece of wood constantly under water, 
is occupied by these worms, there is no sign of damage to be seen on the 
surface, nor are the worms visible till* the outer part of the wood is broken 
or cut away ; yet they lie so near the surface as to have an easy communica- 
tion with the water by a multitude of minute perforations. They were 
originally brbught from India to Europe. A mixture of lime, sulphur 
and colocynth, with pitch, is found to be a protection to boards and the like, 
and rubbing the wood with poisonous ointments is ,a meaps of destroying 
these worms.f 

154. The “ Lepisina" is also a destructive ^little animal which begins to 
, prey on wood in Indja, as soon .as i)» is immersed in sea water. The unprotected 
bottom of a boat has been known^to be eaten through by it in'thrdie or.fqur 
weeks : sheathing with copper or covering -with felt, are the most certain' means 
of protection against all these marine^ animals. 

Temjile on building in water, p. 85. 

Rees's Cjrclopcedia, Art. “ Teredo/* 
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155. (loal-tar is also a^good protection against their depredations. •The 
pores of the wood should be saturated as far as . possible with it, ancl perhajis 
corrosive sublimate might be used with advantage, by saturating the wootl 
with a solution of it, and letting it dry before the tar be laid on. 

156. The termite or white-ant is represented by Linnoeus, is the greatest 
calamity of both Indies, because of the havoc they make in all buildings of 
wood, in utensils, and in furniture; nothing but metal or stone can escape their 
destructive jaws. They frequently construct nests within the "roofs and other 
parts of houses, which they destroy if not speedily extirpated, ^'lie larger 
species enter under the foundations of houses, making their way through the 
floors, and up the posts of buildings, destroying all before thgm. And so little 
is seen of their operations, that a well-painted» building is sometimes found to 
be a mere shell. 

Corrosive sublimate is highly poisonous to these ants ; tljerefore, to im]>reg- 
nate the timber with a solutioi:^ of it, would prevent their ravages.* Arsenic 
is also very destructive to them ; and they do not destroy wood impregnated 
with oil, particularly essential oils. The chloride of zinc is, as has been shown 
(para. 148), the most certain method of preventing their attack. 

NATURE AND PROPERTIES OF TIMBER. 

157. fThe only properties of wood which seem to require explanation are 
the cohesive force, the modulus of elasticity, permanent alteration, the stiff- 
ness, the hardness, and the toughness. 

The cohesive forca of a bar or beam is equal to the power or weight tliat 
would pull it asunder in the direction of its length. The, weight that would 
pull asunder a bar of an inch.square of different kinds of wood, has been ascer- 
tained by careful experiments. 

• 158. The modulus of elasticity is thj measure of the elastic force of any 
substance. As it is the measure of the elastic force, its use must be evident 


Gorrobtf^e subJimatc is not to be applied to timber exposed to anjr kind of tensile strain ibr the 
reason given in (pura! 148 .) 


t Tredgold. 
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when it is^considered that it is only the elastic force*of timber that is employed 
in resisting the usual strains in carpentry.* 

By means of the modulus of elasticity the comparative stiffness of bodies 
can be ascertained. For instance, its weight for cast-iron is 18,240,000 pounds, 
and its weight for oak is 1,714,500 poimds. Hence it appears that the modulus 
for cast-iron is 10‘6 timcil that of oak, and therefore a piece of cast-iron is 10'6 
times as stiff as a piece of oak of the same dimensions and bearing. 

159. . Permanent alteration of structure takes place when a certain degree 
of strain continues for .above a certain time, and as’this alteration is a partial 
fracture, or at least failure of the material, it is of the greatest unportance that 
the strain should never he more ,than that producing such alteration, and in 
timber, this appears to be about one-fifth of the cohesive force. 

160. A hard body is that which yields least to any stroke or impressive ‘ 
force, and it may Tbe shown, by .the principles of mechanics, that in uniform 
bodies the degrejp of yielding is always proportional to the weighty of the 
modulus of elasticity; therefore a table containing the weights of the modulus 
of elasticity. of such b^^es shows also their relative hardness and stiffness. 

As the hardness follows the same laws as the stiffness, cast-iron is 10*6 
times ‘as hard as oak. But it is nccessa^ to i n form the student that when the 
substance is not unifonn, the hardness thus found is that of the hardest part. 
Thus in fir, it is the darker part of the annual ring that is the hardest, and 
which determines the extent to which a beam will bend witliout fracture. 
Dry wood is harder than green, consequently it is more difficult to work. The 
labour of sawing dry Teak is to that of sawing green as 4 is to 3 nearly*. 

161. In respect to the toughness of woods, that wood? is the toughest which 
combines the greatelO degree of strep'gth and flexibility ; hence that wood which 
bears the greatest load, and bends thc^ost at the time* of fracture, is the toughest. 

’ 162. The oppoMte to hardness is softness, the opposite to toughness is 

brittleness, and the opposite to stiffness is flexibility; therefore when the hard- 
ness, toughness, or stiffness, of a wood is expressed by a low number, it may be 
considered to have the'opposite quality. 

• Tredgold in his rules for tW etifTness of timber employe c&etsnt numbers iledvcpd from'ex^eri- 
one of the clementa of which is the “modulus of elasticity.’*— Prt«. Carpentry, Art. SS.*). 
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DESCRIPTION OP WOODS. 


Saul (Shorea Robtmta). 

163. The tree from which this useful timber is obtained is found grow- 
ing in extensive forests to the Northward of the Ganges lines, betweep the 25th 
and 31st degrees of NortK latitude, and 77“ and 88" of East longitude. 

That procured from the tract lying North of Pumeah and Gorruckpore, is 
incomparably superior in cycry respect to the Saul of the forests Northward of 
Bareilly, with which the markets of the N. W. Provinces arc chiefly supplied. 

The Saul seems to thrive best in a rather dry soil and in uneven ground, 
rising into what may be termed low hills. That found * growing on a slate- 
coloured loam, is always superior to the produce of the, yellowish sandy 
loam; both of which soils this tree much affects, and on which it thrives 
equally well. , 

164. The height of this tree depends on local circumstances. In a dense 
forest and in favorable soil, it commonly attains a height of sixty feet t'o the 
lower branches, while in more open situations its height varies between thirty 
and fifty; in centre girth, the largest timbers measure from seven to eight feet. 

From much observation it would appear that the Saul reaches maturity in 
about folly years,, at which period it has usually attained a mean girth of six 
feet. At the age of tliirty years, it has attained a mean girth of five feet, and 
at fifty years, a gi^th of seven feet. 

Nothing ns gained by allowing the trefe, to* stand afternt has reached matu- 
rity. It certainly continues to increase in girth for a longer or shorter period, 
but its prime is passed, or as it is technically termed, it is* “ on the return.” * 

165. On ripping up a sauT log whose centre girth is as much as seven 
feet, it will almost invariably be found, that decay has taken place at the pith 
or core, extending from crown to butt. In fact, it is the most antral roots, 
which issue from the under surface of the “ collet,” or trunk, that are the first 
to decay, and these dying, leave the parts to i^^hich they belonged exposed to 
the damT>3 of the soil. 
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It is found that after all the care that iT^beatowed on them,* the larger 
scantlings of saul suffer greatly in the process of seasoning, from deep splits 
and cracks. 

166. The sap is very volatile, and evaporates quickly on exposure to the 
air from the outer surfaces. But this drying is merely superficial, the interior 
of the piece retaining aU’its moisture, which on the first accession of a high tem- 
perature, causes the internal wood to expand and burst its outer shell, ococ,- 
sioning deep cracks and “ faults.” 

Small scantlings of saul suffer little injury in soisoning, as they give out 
the greater portion of their moisture at once and the shrinkage is thus equal 
throughout. * ^ • 

167. Saul is generally straight grained, and free from knots. It is strong 
and clastic when properly seasoned, and well adapted for a variety of purposes, 
especially for builtfing. 

It has been shown above that the saul reaches maturity about the period 
when the mean centre girth of its trunk is six feet. If much matdhial and 
large scantlings are required, choose timber of this size in preference to all 
otlicrs, as they will afford more stuff, and of a superior quality. 

'1G8. In selecting saul logs, choose tliose whose exterior* surface is smooth 
and comely. They should be straight and free from knots caused by removed 


or decayed branches. 

Examine the section at the ends. If there is any appear- 
ance of this sort reject the log at once, it will not pay for 
sawing up. This serious defect is called by the natives a 
“ golah.” It is caused by the separation of two contiguous 
annual layers, and is fatal to produee. 

Sections of the crown and butt having 
* these appearances should likewise i5e avoid- 
ed. It is a very common custom of the • 
dealers to tam^ the hole at i caused by the 
decay of the pith, with a plug, and this 




they sometimes ^do so ingeniously as to 

escape detection wten the log is dry, but if seen^shortly after tte log is taken 
from the raft, the oozing out of water proclaims the cbeat. 
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169. The timbers of the l^Torth-West Provinces are brought to market in 
their natural shape, with merely the bark removed, but in the Bengal provinces, 
they are classed as “ chowkcrs and “ dhowkers,” the former being squared on 
four, afad the latter on two sides. The chowkers are the largest logs. 

Sissoo, (Dalhergia Sissoo). * 

170. This useful and valuable wood is produced nearly throughout the 
Upper Provinces of India, but the best is procured from the forests beyond the 
Gograh Biver, in the territory of the King of Oude, and in Central India near 
the Nerbudda River. 

The Sissoo will thrive on almost any kind of soil. Those on dry sandy 
soils have the quickest growth, but such usually throw out a luxuriant crop of 
branches, while the trunks are short and stunted, and soon become decayed at 
the pith. In such trees also thb sap-wood is always more than proportionally 
abundant. 

A moist clayey soil produces the best Sissoos, especially where, as in a 
dense forest, they are hampered by their dose vicinity to each other, for the: 
more encumbered*they are by such proximity, and sheltered by the growth of 
other jungle, the better will they be found. In such situations the Sissoo will 
attain a great height, as much as 60 feet to the lower branches, with a centre 
girth of six feet. But this height varies from 15 feet upwards, according to 
local circumstances. 

The forest Sissoo attains the thickness of five feet centre girth in about 35 
years, and a girth of si® feet in about 45 years. It is at maturity about mid- 
way between tl^cse two ages. Though in dry soils such as4bat of' the Dooab, 
and in other parts of the ©pen country it would reach this period 10 years 
earlier. 

. 171. The best season fdr felling Sissoo, is from the latter end of October 
to the end of January. The logs are barked, and the after process of seasoning 
is carried out precisely as described under the article “ Saul.” 

SissoQ is a kindly wood to season as it dries with comparatively few splits 
and cracks. During this process it loses about Jth of .its weight, and -^th of 
its breadth and thickness. 
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172. The wood when green has a specificrgrt^ity of about I'C^OO. 

When seasoned of abouf 0*750. 

173. The strength of a straight grained bar of Sissoo, free from knots, is 
equal to that of a similar bar of Bencowley Saul, but Sissoo is not generally 
straight grained, and is liable to hidden knots, nevertheless it is a very usel'ul 
description of wood, and invaluable for many important purposes. Nothing 
can equal it in this country, for naves and felloes of wheels, and in the Ordnances 
Carriage Department its uses are manifold. Sissoo is excellent for eveuy 
description of joiner’s work,— -it is very hard, durable, and takes a good polish. 
The graining of this wood is frequently very beautiful. It is besides very little 
aifected by atmospheric changes 

Teak. (Tectona Grandis.) 

174. Teak is a native of the mountainous parts of the Malabar gad Coro- 
mandel Coasts, as well as of Java, Ceylon, the Tenassevim Pr(||?inces and other 
parts of the East Indies. 

The Teak tree is of rapid groyth and the trunk grows erect to a va.'^t 
height, with copious spreading branches. 

The wood of the Teak tree is by far the most useful timber m India; it is 
light, easily worked, and though porous, it is strong and durable ; it requires 
little seagoning, and shrinks, very little: it affords tar of good quality and is 
rather of an oily nature, therefore does not injure iron; and is the best wood 
for ship-timber, house-carpentry, or any other work, where strong and durablo 
wood is required. 

Malabar Teak* fs esteemed Superior to any other in India, anti is extensively 
used for ship-building at Bombay.^ It grows inf* the Teak forests, along the 
western side of the ghaut mountains and the contiguous ridges, where the 
numerous streams afford water-carriage for the timber. 

175. Tho cohesive force of Teak wood varies from 13,000 to 15,000 
pounds per square ftich; the weigh*t of its modulus of elasticity is 2,167,000 
pounds per squanejinch, according to Mr. Barlow’s experiments $ and'the weight 
of a cubic foot seasoned)* varies from 41 to 63 pounds. 

2 H 
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176. Representing the steength of Oak by 100, that of Teak 


will be t 109 

Stiffness of Oak by 100, 126 

Toughness of Oak by 100, 94 


From Avhich it appears, that it is much superior to Oak in these properties 
except in toughness, but it is to be remembered that these proportions are 
«lrawu from two or three experiments on Teak, and most probably those were 
tried on very select specimens ; whereas those for Oak are from a mean speci- 
men, selected from pieces ^f Oak of various qualities. 


177. Specific gravity dry, *660 

Ditto ditto fresh, '820 


TOON. 


178. Very nearly resembles a dull coloured specimen of Mahogany, and 
would be useful for any purpose to which such kind of Mahogany is applicable ; 
besides having # greater degree of strength and stiflFncss compared with its 
weight. 

179. The cfthesivc force of Toon isTrom 10,000 to 14,700 lbs. per square 
inch ; the mean weight of the modulus of elasticity for a base of an inch square 
is 1,689,800 lbs. 

180. The specific gravity, and the relative strength, stiffness, and.resilient 
power compared with Jiiga fir, as 1,000, from Mr. Barlow’s cxperiftients are 
!is under — 


Specific <^ravity. 

Strength. 

• 

Stiffness!, 

' Bosillence* * 

• 

. -479 

1380 

• 

127t) ' 

1400 ‘ 

Barlow. 


181. The above are the principal woods in use for building purposes in 
India, but there are many other valuable woods in the fbrests of Bundlccund, 
and tlie Saugor.and Nerbudda Territories, which, by research and enerffy, miffht 
be bromrht into oneratioiu such are-— 
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182- Mowa, from Bundlecund, reckoned «ext to Saul, used by^tlie ifatives 
for Jjeams, door-frames and other purposes, procurable in lengths 
of 16 to 18 feet and scantling 14* X 12". 

Babool. — A valuable wood from its toughness, and applicable to yarious 
engineering purposes, such as wheels, trenails, &c. 

Kheir or Khyre. — Similar in nature, texture and properties, and even better 
than Babool, found in Bundlecund abundantly. 

Pursudh. — Indian Bose wood, a very fine, hard and extremely heavy wood 
found in the Saugor territories, partakes of all the qualities of 
Sissoo. 

Beeja Saul, J^houra, from Bundlecund, and the Iron wood, TUsur and 
Jarool from Arracan. 

Their qualities might be tested in the same way as have been those of 
Saul and Teak, and their relative values registered. 


OF THE EQUILIBRIUIM AND PRESSURE OF BEAMS, OR THE 
STABILITY OF POSITION. 


183. It is through a knowledge «if the composition and resolution of forces 
alone that the carpenter can expect to arrive at excellence in the art of designing 
frames of timber, for the purposes of building, for mocliines and other uses; as 
without ihis knowledge, it would be impossible for him to understand clearly 
what is to be aimed at in such designs, or even to know whether a design of 
his own would answer its intended purpose or not. 

184. The first step towards obtaining this knoAvledge, is that of acquiring 
just notions of the action of fordes, 

A heavy body always exerts a^force equal to* its own weignt, in a vertical 
direction, and would always descend in a vertical^ line, if not prevented from 
following that direction by some other force, and its force is always the same 
as if it were collected in, and acting in, that line. 

But when a hea^y body W (plale 5, figure 3) is sustained by two beams, 
A C and B C, its effects on these beams depend on their position ; fhe further 
the ends A and are s^ apart, the greater wiU*be the strains on the. beams, 
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and the coi^^rary. Here it is dh^ious that the weight resolves itself into two 
forces, one in the direction of each beam. 

185. We may now proceed to explain what is meant by the Composition 
andT Resolution of forces. 

The resolution of forces consists in finding two or more forces, which, acting 
in any dilFercnt directions, shall balance or have the same effect as any given single 
force. Thus the weight IV (figure 3) might be sustained by a vertical force in the 
direction C c equal to the weight ; and this vertical force, it is obvious, may be 
resolved into two forces ini the directions of the beams, that would produce 
exactly the same effect as the vertical force C c. 

186. The composition of forces consists in finding ope force that shall 

produce the same effect as •two or more forces acting in different directions. 
This is nothing more than the reverse of the resolution of forces, and may be 
accomplished in a similar manner. , 

If a vertical line Cc (figure 3) be drawn through the centre of the 
weight, and o c be drawn parallel to the beam A C, also b c parallel to B C ; 
then the relatiom between the weight and the pressures will be found by the 
following propoTOons : — 

As the line C c 
Is to the line C h 
• So is the weight W. 

To the pressure in the direction of the beam A C. 

Also, as the line C e 
Is to the line C a 
So is the weight W 

To the pressure in the direction of the beam C B. 

To those who ilre acquainted with the principle’s of mechanics, the truth of the 
principle from which these proportions are ^prived, requires no illustration ; but , 
such as have not had the adjutage of that branch of learning, may, by having 
recourse to the following simple experiment, not only satisfy, themselves of its 
truth, but also render themselves- more familiar with the nature .of forces. 

187. Let a thread or fine line be passed over the pulleys B and C (figure 
4) and let* a known weight be attached to each end of the .line, as at 6 and c ; 
also kt. another thread be knotted to the first one at ally point A, and attach a 
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known weight to the end W. Then if the 'sum of the weights* b and c be 
greater than the' single weight fV, there is a certain position in which the 
assemblage will be at rest ; and if it be deranged by pulling at any of the 
weights, it will return of itself to the same position when left at liberty. 
Therefore in that position, and in that position only, the weights will balaiice 
one another, or be in equilibrio. Now if the positions of the threads, when the 
weights balance each other, were drawn upon paper, and from a scale of 
equal parts, A i^’wcrc made equal to the number of pounds in the weight fV, 
and the line B A were continued to By and the line FE drawn parallel to A (7, 
then FB measured by the same scale of equal parts would show the number ot 
pounds’ weights of the body c ; also the measure of the line A B would be 
:*qual to the number of pounds’ wdight in the body h. 

If the three weights be equal, then the three lines A FyFB and A B will 
be equal, and the angles formed by the threads round the knot will bo equal. 

And universally, whenever the directions of three forces are in the same 
plane, and meet in a point, and are in equilibrio, those forces Avill be represented 
;n magnitude by the three sides of a triangle drawn parallel to^e directions of 
the forces. 

Consequently if a body be kept at rest by the forces, and? any two of them 
be represented in magnitude and direction by two sides of a triangle, the third 
ride taken in order will represent the magnitude and direction of the other force. 

188. Also, because the sides of triangles are as the sines of the opposite 
angles, it follows, that when three forces keep a body in equilibrio, each force is 
propoirtional to the sine of the angle made by the directions of the other two. 
Ihus the weight W (figure 4) is to the weight J, as'the sine of the angle 

A FEy ^c. , , , • . 

It may however be observed, tliat the designs •of framing are drawn on 
paper to a scale ; hence the proportfons of the forces may always bo obtained 
immediately from the figure without the trouble of calculation, and the values 
jf the forces so obtained, will he accurate enough for any practical purpose. 

189. Again considering the combination of forces in (figure 8). let the 
(vertical line C c be dra^vn, and by a scale of equal parts make Cc equal to- the 
number of pouBds,*lfundred*weights, or tons contained in the weight W> ^ Then 
Iraw c h parallel to B C bnd c a parallel to A C, and? C 5, measured from the 

2 i 
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same scale,* trill show the number of pounds, hundred-weights, or tons, by 
which the beam C A is strained ; and, in .like manner, Ca will be the measure 
of the strain on the beam CB in pounds, hundred-weights, or tons. The 
pressure is not altered by making the beams longer or shorter, so long as their 
positions remain the same ; but the power of a beam to resist pressure is much 
lessened by increasing its length. 

OF THE EFFECT OF POSITION. 

190. If the position ‘of the beam CB (figure 3) were changed to that 
shown by the dotted lines C JS, the magnitude of the strain would be prodi- 
giously increased on both b(!ams. By dra<ring lines parall^ to the beams in 
this position, expressing the weight by the line C c the same as before, the 
l)ressure on the beam in the position C E wiU now be measured by the line C d 
instead of Co, being pbviously much increased ; while the strain on the beam 
C A will be nearly doubled, being represented by the line Ce. 

Hence it a^ears that enormous strains may be produced by a compara- 
tively small weight, merely by altering the position of the supports. The 
student will do well to consider these changes with attention, and to draw 
figures in different positions, estimating the pressures according to each poSition, 
which irill render his mind famiUar with the subject, and enable him in prac- 
tice, to form accurate notions of the magnitudes of pressures, without the 
labour of calculation. 

* 

TO MEASURE THE STRAINS IN A FRAMED TRUSS. 

19 1. If, instead of placing the weight 09 the point vhere the beams meet, 
the beams were framed intop piece of timber, C E (figure 6 ,) and the weight 
W 6uspende4 at J5J, the pressures would stSl be propagated in the same manner 
ahd would be found by the i&ama means;, that is, if Cc represent the weight, 
C h. will be the pressure in the direction of the beam C A^ and C a the pressure 
in the direction of the beam C B. 

* In tins case C E performs the office of the king-post in a roof. 

.. 192. Hitherto the ends of the beams, nusnbed A ^and m (figures 3 and 5) 
have been cdn^ldered to *be supported by an uomovhable obstacle, but when 
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there are no such obstacles, they obviously hava-e tendency to spread, therefore 
they might be connected by a rope, a rod of iron, or another beam, which 
would answer a purpose nearly similar to the tie-beam of a roof. 

Let (figure 6) represent an assemblage of this kind, where A B is the tic 
to prevent the lower ends of the beams A C and CB from spreading. This 
form is similar to the truss of a roof. 

The strain on the tie A B may be found by drawing b f parallel to the tic 
A J?, then, if C6 represent the pounds or tons with which A C is pressed, h f 
measured from the same scale of equal parts, will be equal to the strain in tlu! 
direction of the length of the beam or tie A Bin pounds or tons ; and the 
equal and opposite strain at B will be measured by e a. 

If the load, and therefore the Iting-post, bo in Ahe middloof the span, the 
pressures on the walls will be equal; but when out of the inidcUe the pressures 
will be unequal, apd the point y divides the line Cc into two ports which are 
proportional to the pressures; Cf being the pressure on the wall at A^ and fr 
or Ce the pressure on it at B, when Cc is the whole weight. 

OF FRAMED LEVERS. 

193. Let (figure 6, plate 5) be inverted, and supported at C, as repre- 
sented in (figure 7,) and a weight hung at each end, so as to balance one another; 
then the proportion of the strains would remain precisely the s.nrae : and it 
shows how a powerful lever may be framed, and also makes us acquainted wdtli 
the nature of the strains produced in a solid beam, when it* performs the ofiict'- 
of a lever. The tie AB is in a state of tension, thq beams A C and B C arc 
Cvompressed : in a sqlid beam the ^ame thing takes place; the side next the 
support is always compressed, ahd, the opposite ^ide is always in a state of 
tension. 


TO DISTINGUISH TIES FROM STRUTS. 


194. . It is^ftcessa^, in .designing tlie construction, as well as in estimat- 
ing the strength of framing, that we shoirid b4 abljp to distinguish the* struts 
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from the ties; that is, to ascertain which of the beams are compressed, and 
which of them are stretched; for ties must be either continuous or connected 
by straps, but struts may be in short lengths. By attending to the following 
considerations, this may be easily determined. 

195. Let a parallelogram be constructed on the direction of the straining 
force ns a diagonal, the sides of the parallelogram bein^ parallel to the sustain- 
ing forces; then let the other diagonal of the parallelogram be drawn, and 
])arallel to it draw a line through the point where the directions of the forces 
meet. Consider towards which side of this line the straining force would move, 
if left at liberty, and all supports on that side will be in a state of compression, 
and all those on the other side will be in a state of tension. , 

196. The same thing would be true of a plane passing through the point 
where the forces meet, when three or more forces meet that are not in the 
same plane, but such cases arc of rare occurrence; therefore, I shall only 
consider the examples in (figures 5 and 8, plate 6,) which will enable the stu- 
dent to apply the method to all cases where the sustaining forces are in the 
same plane. 

In (figures 5 and 8, Plate 5,) Cc is the direction of the straining force, on 
' which as a diagonal the parallelogram Cbca is drawri, the sides of it being 
parallel to the re’sisting or sustaining Jbeams : join i a and draw the dotted 
line e/f parallel to 5 a in each figure; then, in (figure 5,) the straining force 
would move towards J5, if left at liberty ; therefore both the beams are com- 
pressed, being both on that side of the line e^. 

In (figure 8,) only the lower sustaining beams are compressed; the upper 
ones are extended. 

TO FIND THE RESULTANT OF A SYSTEM 01^ FORCES. 

197. • As'the strain upon a piece of framing is often produced by two or 
more forces, acting in different directions, of which the crane is an instance, 
the means of finding a force and its direction that would be eqmd in effect to 
two or more forces may be next considered a little more attentively. In all 
eases where the 'strain is produced by the actioq of Several 'ibrees meeting in 
one point, thes>e forces musji be deduced to js single force, capable of producing 
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the same effect; otherwise it will not be possible to determine the Strain upon 
the supports. 

A force capable of producing the same effect as two or more force! is called 
the resultant of those forces. 

198. Let A C represent the magnitude and direction of a force, acting 
on the body C (plate 5, ‘figure 9,) and B€ the magnitude and direction of 
another force also acting on the body C. Then to find the resultant, draw h Ji 
parallel to A C, and A b parallel to B C; join b C which represents the resul- 
tant required. The lines connecting the points iiCBb form a parallelo- 
gram, of which 5 (7 is the diagonal; and whenever two sides of a paral- 
lelogram are parallel to the directions, and proportional to^ the energies of 
two forces, the diagonal will represent the direction and energy of a force that 
would produce the same effect. A parallelogram constructed in this manner 
is called a parallcl(Jgram of forces. 

199. Also if the force b C were to act in ’the opposite direction, that is, 
from a towards C it would retain the two forces A (7, and B C in equilibrio ; 
these acting from A and B towards (7; but two forces only can never be in 
equilibrium unless their directions be exactly opposite, and the forces equal ; 
and the tlircction they would move in w’hen not exactly opposite, is sho^ by 
producing the diagonal of the parallelogram drawn on their directions, ^hus 
Ca (figure 9, plate 5,) is the diagonal produced, and consequently the direction 
in which the forces A C and B C would cause the body C to move. 

One of these forces may be the weight of a structure of which the direc- 
tion is vertical, the other force the action of the wind upon it, which is hori- 
zontal; the resultant shows the direction and intensity of both the forces 
acting together. •» . , , 

OF THE Ci*^IlE OF GRAVITY. 

'200. In q heavy beam there is a single point by Avhich it may be sup- 
ported, and if so supported, it may bb placed in any position, and remain at 
rest. Whereas, it supported by any other point, it would rc^t only in 
certain positions. , 

This point is called the centre of gravity of the Hearn. 

2 K 
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201. sV beam A B suspended by a pin at C (figure 10, plate 5,) passing 
exactly through the centre of gravity, will rest in the position A 5, or in that 
show bythe dotted lines a b, or any other. And the same thing will take 
place, let the body be ever so irregular provided the support passes exactly 
through the centre of gravity. 

The centre of gravity of a uniform cylinder or prism, is in its axis and at 
the middle of its length. 

In a triangle the centre of gravity is in a line drawn from the vertex to 
the middle of the base, and» at a distance of one-third of that line from the base. 

In cones or pyramids the centre of gravity is in the axis and one-fourth of 
the height from the base. 

The most useful mechanical methods of hnding the centre of gravity arc 
the following : 

202. To find the centre of gravity of a body with plain sides, suspend it 
by the cord AMB (figure 11,) "fixed to the body at A and B, and passing over 
a pin E' When the body is at rest, by means of a line and plummet, draw a 
plumb or vertical line upon it, as at a h. Then slide the cord upon the pin 

so ns to change the position of the body as much as possible ; and wlicn it is at 
rest again, draw • another vertical lino upon it, and where this vertical line 
cross* the former one will be the centre *of gravity of the body. 

OF THE PRESSURE OF INCLINED BEAMS. 

• 

203. Let ABhca. beam (plate 5, figure 12,) resting against the vertical 
wall ^D, and C it^ centre of gravity ; the lower end resting on an abutment 
cut in the beam A D. Through the centre 'of gravity C dfdw the vertical line 
ce and draw c B perpendiculhr to BE m^l^ng c e in c, join A c which will be 
the direction «f the pressure against the abutment at A] and that the beam 
may have no tendency whatever' to slide, the abutment should be perpendi- 
cular io Ac. 

Also, if c e taken from a scale of cqudl parts, represent the weight, and a e 
be drawn j^arallcl to ^ then a e will represent tire pressure .against the wall at 
B and q a the pressure against the abutment at *A. T|ie horizontal thrust at 
the abutment A Is also measured by the line a e as it is always equal to the 
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horizontal pressure against the wall at B. Th6 jjressures of shed^j or lean-to 
roofing are shown hy this example. 

204. When the centre of gravity is at the middle of the length of the 
rafter or beam, multiply the weight in pounds by the distance A E Kn feet, 
(which in a roof is half the span), and divide the product by twice the height 
DEm feet, and the quotient will be the horizontal thrust. (Figure 13.) 

Examplk. — ^Thc weight uniformly distributed over a rafter is 200 pounds ; 
the span of the roof is 20 feet, half of which is 10 feet; and the height of the 
roof is five feet. , 

Then ^ ^ — 200 pounds, the horizontal thrust, which is the same us 

the weight, and will always be so when the roof rises csactlv one-fourth of the 
span, but not in other cases. 

OF THE STRAIN UPON BEAMS LAID HORIZONTAL. 

I 

s 

205. Wlien a beam is laid in a horizontal position, as in (figure 14,) au<l 
a load is unifonnly distributed over its length, or the beam is only loaded by 
its own weight, the strain upon the beam is the same as if half the weight were 
acting at its centre of ^avity. 

But if the weight be distributed, over the beam, it must be of a yi 9 lding 
nature, otherwise this rule will not hold good. If a strong short beam be laid upon 
tlie first beam, and the weight upon that, the strain upon the lower beam would 
be removed to the points.where the ends of the short beam would rest upon the 
longer one, and of course the strength of the longer one would be much increased. 

206. . When a beam is supported at the ends, as (figure 15,) the stress 
arising from any weight W produces the greatest strain when it is applied in 
the middle of the length. And, ’if -to be the greatest weight the beam would 
, support in the middle, the greatest ji^ight fV that it could support at any other 
point C will be found by the following proportion^: 

As the distance A C multiplied by the distance B C, 

Is to the square of half the length of the beam; 

So is the weight w, that could be supported in the middle, — 

To the weight fV that could be supported at the point C.* ' 


• Tredgold. 
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GENERAL OBSERVATIONS ON DESIGNING, FRAMING, &c. 

• # ’ ’ 

207. The principal questions relative to the action of forces on single 
beams^ and on systems of framing, have now been considered; and it only 
remains to make a few remarks on the best method of applying those principles 
so as to form a perfect design. 

In the first place the ai'tist must remember “ that the strength of a piece 
“ of fi-aming, whatever may be the d(‘.sign, can never exceed that of its weakest 
“ parts ; and that partial sjrength produces general weakness.’ 

Therefore, let the fix(‘d conditions, or those objects which cannot be alter- 
ed, b(' well considered ; and us far as it can ])e done, let then?be drawn correctly 
to a scale ; showing the cm’^cs of equilibrium* the points where the forces act, 
and every other particular condition. Also, it must be considered whether the 
forces are to act constantly or the same parts, or to be subject to changes ; and 
the nature and extent ’of these ohanges should be exhibited. 

Seno7ulbf . — The nature of the sustainuig points should be cai’efully ex.'imin- 
ed, whether they be capable of resisting a force acting obliquely against them 
or not; and the framing must be disposed accordingly. 

Then a desigji iiiay be sketched in of such a nature as shall appeal'* best 
adapted to attain the objects in view, taking care to avoid transverse strains as 
much .as possible, to load obtuse angles lightly, and to give little excess of 
strength to parts which themselves add to the load to be supported ; the proper 
degree of strength may be fixed by the rules which follow : 

Nothing will assist the artist more in forming a good design, than just 
conceptions of the objccJ:s to be attained ; and nothing will render those objects 
more familiar to th6 mind, than drawing them. 

OF Tip: RESISTANCE OF TIMBER, OR THE STABILITY OF 

RESISTANCE. 


208. To know the resistance Avhich a piece of timber offers to any force 
tendiiig to* change its form, is one of the most important speoiea of knowledge 


* toppings' Flulosoplucal Traiuactioiu. 



that a. carpenter has to acquire ; and to be abUi fe) judge of this dc'^ree of resis- 
tance from observation only, even in common (^ase?, requires nothing less than 
the practice of a life devoted wholly lo carpentry. 

Besides, it is a species of knowledge tliat is confined to the person who has 
obtained it and it dies with him. It is a feeding of fitness which can neither be 
communicated nor described ; nevertheless it is a feeling that every thinking 
practical man is sensibhi he possesses. There are many bc'sides jiractical 
carpenters, who ought to know something of the principles of building, and who 
hav(; not an opportunity of becoming accjiiainted with those principles through 
practice; to such persons the rules and experiments herein detailed, will be 
found extremely useful. 

209. In order to be able id determine the, dimensions or scantling of a 
piece of timber, which shall be capable of .sustaining a given weight or jirossuro, 
the laAvs that rc-gulate its resistance should be considered ; and to accomplish 
this in a manner likely to he u.scfui, Ave must consider .Avhat effect is produced 
AAdicu a piece of timber is overloaded. This litfect, in general, is noticing more 
than .'I certain degree of flexure, or bending, us it seldom happens that timbers 
are absolutely broken ; and generally, a small degree of bending renders a beam 
unlit for its intended pui-pose. 

DEFINITIONS AND (lENERAL PRINCirEES. 

210. The hiAvs of.thc resistance of materials depend on the manner in 
A\diicb the ])ieccs are strained, and may be divided into throo’kinds: 

First ,. — When the force tend.s to pull the piece asunder in the direction of 
its length, or the resistance to tension. 

Secondh/. — A\'hen the force to^s to break ^tjie piece across, or the resis- 
, tance'to cross straiUjS. / . 

Thirdly . — When the force tends to compress the body in the direction, of 
its length, or the resistance to compression. 

211. '''' Stiff ne.'ss" in that property of bodie.s by which they resist flexure 
or bonding; Strength" is that by which they resist fracture or^ breaking. 
This distinction iTimst be carefully attended to, because the laws’of strength and 
stiffness are not the same. For instance, the'stiffyess of a cylinder, exposed 
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to a cross strain, increases as l!he.fourtli ])owcr of the diameter, but the strength 
increases only as the cube of tlic diameter. If the diameter of a cylinder be. 
doubled, its sti/fness will be sixteen time.s as great, but its strength -will only 
be increased eight times. 


OF THE STIFFNESS OF BEAMS TO RESIST .CliOSS STRAINS. 

212. When a -weight is laid upon the middle of a piece of timber which 
is supported only at the'cnds, it always bends more or le.ss ; when the Aveight 
bends (he i)ioce in a very small degree, the Avood is said to be stiff; Avhen the 
the bending is considerable, it is called flexiljle. 

The stiffness of beams IS pro] Kirtional to* the space they arc bent through 
by a given weight, Avhen the lcngth.s are the same, but that two ])ieecs of 
different lengths may be e(|ually stiff, the dcllexion or bending, shoidd be ]>ropor- 
tional to their lengths! For a deflexiem of one-fourth of an inch in a joist 20 feet 
long Avolild not be attended Avith any IkmI effect; but if a joist 4 feet long were 
to bend one-fourth of an inch, it Avould be totally unfit for its purpose. 

THE TRANSVERSE STRENGTH OF BEAMS. 


21.‘i. The transATrse strength of rectangular beams, or the resistance 
Avhich they offer to fracture, is as the breadth and square of the depth : there- 
fore, if two rectangular beams liaA'c the same dtqith, their strengths are to each 
other as th(*ir breadths j but if th(;ir breadths are the same, then thei? strengths 
are to each other s\% the squares of their dcirths. 

214. The transverse, strengths of square beams arc as the cubes of the 
breadths or depth.s. Also in cylindrical bdSl^as, the transverse strengths are us, 
the cube3 of the diameters. , 

Thus, if a beam which is one foot broad and one foot deep support a given 
Avcight, then a beam of the same depth and tAVo feet broad will support double 
the -^jreight. 

But if a bbam be one foot broad and two feet deep, k*will support four 
times ifs much as a beam ync ibot broad and one foot deep. 
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If a beam one foot square support a weight, then a beam two f(>et 
square will support eight times as much. Alst) a cylinder of* two inches 
in diameter will support eight times as mucli as a cylinder one in(!h in 
diameter. 

215. In the following table the value of the transverse, strengtli bl' teak 
is computed from the fonnula by Barlow* .S zz and from various ux[>eri- 

ments AvJiich were carefully conducted at Cossipore, in 1S2(>, the values of 
otlier woods are added from the same formula. 


Taule ok Data. 


Teak, 

,2402 

(Barlow). 

llangoon Teak, (seasoned), 

204G 

Cosssijiore Expt. 

Bombay Teak, (ditto), 

1518 

ditto. 

Bengal Soondry, (ditto), 

2505 

ditto, 

]\Iorung Saul Choukers, (ditto), 

247;i 

ditto, 

Ditto, (unseasoned), 

2053 

ditto. 

Moru^ig Saul Dhoukers, (seasoned), .. 

2208 

ditto 

l)itto, (unseasoned), 

24,52 

ditto. 

(ioruekporc Saul, (not seasoned)^ 

2212 

ditto. 

Bengal Deal, 

1320 

ditto. 

Morung Toon, 

1260 

ditto. 

Norway Deal, 

1083 

ditto. 

American Ash, 

000 

ditto. 

Morung Sissoo, (seasoned), 

2308 

• 

ditto. 

2 1 (). To find* the ultimate trarisvcrse 

strength of 

any rectangular beam 


of timber, fixed at one end and loajJiAl at the oth.cr.* 

Bulk. — Multiply the value ^iVen in the table of data by the breadth 
and square of the depth, both in inolies, and diviTlc that product by the length, 
also in inches, and the quotient will be the weight in pounds. 

♦ Essay on strength of timber, p. 161, where a is the breadth, d the depth, I the length, •«; the breaking 
weight in lbs., S the resistance of a rod tfio inch square. 
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0 • 

Kkaaiple. — What weight, wUl it require to break a beam of Teak, the 

Im^aclth of •\t'hich is G inches,* the depth 8 inches, and length 20 feet? 

. In tlic table of data the value of Teak is 24G2. 


•Tljcn by Hide 


24(;2 X a X S' 


= 8935) lbs. 


217. Or, if the dimensions of a beam be required, so as to support a 
i> iviii weight at its (aid, thim- — 

Multiply the Aveight in pounds by the length hi Inches; and this product, 
divided by the tabular value, Avill give the jiroduct of the breadth and square 
of the depth. 

lix AMPLE. — A square balk of Saul projects 4 feet G inches from a solid 
Avail in Avhicli it is fixed; Avhat must be the side of its squall, so that it may 
support 1013 lbs. ? 

Tabidar value of Saul is 247.‘5. 


i4 X 1I>I3 
2473 * ■“ 


— — 22T2, the cube foot of Avhich is 2*8 inches, the side of 


the square retpiired. 

218. To determine the strength of a rectangular beam of timber, Avhen it 
is supported at tlu' ("lids, and is loaded in the middle of its length. 

lluLB. — Multiply the A'alue in the table of data, by 4 times th(! dcqith in 
inches, and by the area of the Section in inches, and divide the product by the 
distance betAveen the supports in inches, and the (piotient will be the greatest 
AAH'ight the beam Avill bear in lbs. 

Note 1. — If the beam be not horizontal, the distafice betAveen the supports 
must be the horizon'tal distance. 

Xoi'E 2. — One-fourth of the weight found by the llule should be the 
greatest Aveight upefh a beam in practice. 

Note 8. — If the load bo.applied at anjv other point than the middle, it Avill 
be as the rectangle of the segments, into* which the point divides the dis- • 
taijcc between *tJie supports, ds to the .square of half that distance; so is the 
Aveight found by the liule, to the weight the beam will sustain at the 
given point. 

I^^OTE 4. — If the load be distributed in any manner Avhatever over the 
beam, the centri! of gravity of the load must be, considered 'its place, and its 
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stress equal to the whole weight, unless part*- of 
the supporting points independently of the rcsistan* 

219. Example. — llequircd the weight a be 
middle 12 inches deep and 8 inches ■^vide, the lengtl 

Tabular value of Saul is 2473, depth 12 ia 
length 240 inches. 

2473 X 4 X __ .o- 

240 — 

and the beam may be loaded in practice with = 11.870 lbs. without inju- 
ry to texture. 

220. When i^long beam A Bis laid over several points of support, as in 
( figure 17, plate 5), a case of very common occurrence in building, the strength 
of the intermediate parts is nearly doubled, or twice as much as when the beams 
are cut into short lengths. Hence tijc carpenter will see the importance of using 
bridging and ceiling joists, purlins and rafters, in considerable lengths, so that 
a joist may extend over several binding joists, purlins over several trusses, and 
a rafter over several purlins: also, by contriving so that the joinings shall not 
be ojiposite’one another, a floor or roof may be made tolerably equal in strength. 
Hence also, we see the importance of notching joists, purlins, and, rafters over 
the supports, instead of framing them between. 


ON THE RESISTANCE TO COMPRESSION. 


221. • When a piece of timber is compressed in the direction of its length, 
it yields to the force in a different manner, according to the proportion between 
its length and the area of its cross -s^tion. For more convenieht illustration, 
» let us suppose the piece to be a cj<mder; then, If its length be greater than 
about eight times its diameter, the force will cause; it to bend in tho manner 
shown in (figure 16, plate 5), and it will break at the middle of its length. But 
when the length of a wooden cylinder is less than about eight times its diame- 
tei’, the piece will expand in the middle of its length, and split in several places. 
Materials less fleklble than timber, break in different ways when under conn 
pression in short lengths. 



The c^se •where flic Ic-iifrfli exceeds about eifjht times the diameter is that 
•whiclj is most useful. 

• ON THE STRENGTH OF COLUMNS AND POSTS TO RESIST * 

FLEXURE. 


222. It is known from experience, that there is a certain force, that will 

bend a piece of timber AV^icn acting in the direction of its length; and that 
when it has been bent in a small degree, a still greater force is required to com- 
plete the fracture. But our investigation must be confincd.to the strength to 
resist the first degrees of flexure. • 

The strain will be directly as the weight or pressure, and inversely sis the 
strength which is inversely as the cube of the diameter. The strain will also be 
directly as the deflexion, which, will bo directly as the quantity of angular mo- 
tion, and as the number of parts strained; that is, directly as the square of the 
length, and inversely as the diameter. 

223. When the breadth of a girder is considerable, it is often "sawn down 
the middle and bolted together with the sawn sides outwards ; the girdprs in 
the section, (figure 18), are supposed to bo done in this manner. Thb is an 
excellent method, as it not only gives &n opportunity of examining the centre 
of the tree, which in large trees is often in a state of decay, but also reduces 
the timber to a smaller scantling, by which means ittdrics sooner, and is less 
liable to rot. The slips put between the halves, or fitches, should bo thick 
(snough to allow the air to circulate freely between them. It is generally ima- 
gined, that it strengthens a girder to cut it^down, reverse it^ and bolt it together 
again; it is in* fact weakeqpd by the oper^ion,*but the method is recommended 
here for the reasons above stdtcd. 

^ Othpers suppose that giijders are cut down merely for the purpose of equa- 
lizing their stiffness ; but admitting a girder to be bent considerably, the dif- 
ference between the deflexions at any two points equally distant from the 
middle would not be sensible in girders of the usual form. The person who 
first practised* the method of cutting girders^ down the middle undoubtedly 
did it 'With jii view of preserving and not of stiffeniHg tlicm. We find, that 



Vitruvius,* the oldest autlior on architecture whose works are extant, directs a 
space of two fingcfs’ breadth to be left between the* beams for forming the archi- 
trave over columns, in order that the air may circulate between and prevent 
decay. Every one must have observed, that decay begins in the first place at the 
joints, and other parts where the pieces are neither perfectly close nor yet suffi- 
ciently open to allow anpr dampness to evaporate. 

The principles of carpentry will be treated of, in Part II., under the head 
of “ Roofs.” 


* Vitruvius, lib. iv. Cap. 7. 
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